SUBCOURSE EDITION
EN5156 B

CARPENTRY I

MNNAYRAYRANERNE

"LET US TRY"

READINESS /
PROFESSIONALISM!

THE ARMY INSTITUTE FOR PROFESSIONAL DEVELOPMENT

ARMY CORRESPONDENCE COURSE PROGRAM

THRU
GROWTH




CARPENTRY II
Subcourse EN5156
EDITION B

United States Army Engineer School
Fort Leonard Wood, Missouri 65473

6 Credit Hours
Edition Date: November 1995
SUBCOURSE OVERVIEW

Carpentry isthe art or science of measuring, cutting, fitting, and assembling wood and other materias to
construct buildings or other structures. Many people associate carpenters with wood and other building
materials and tools. They assume carpenters build only homes and other relatively small structures. Of
course, this is not true. Carpenters work not only with wood but aso with metals, plastic, and other
synthetic materials. The carpentry trade includes skills required to construct buildings, bridges, docks,
and wharf. Work must be accomplished in a manner consistent with environmental laws and
regulations

There are no prerequisites for this subcourse.

This subcourse reflects current doctrine when this subcourse was prepared. In your own work, always
refer to the latest publications.

Unless otherwise stated, the masculine gender of singular pronouns is used to refer to both men and
women.

TERMINAL LEARNING OBJECTIVE:

The Carpentry Il subcourse, (Carpentry/Masonry Specidist, Military Occupational Specidty (MOS) 51B,
ill Levels 1 and 2), will provide you with enough knowledge to construct floor systems, stairs, wall
systems (including the installation of windows and door), and roof systems of wooden structures. This
subcourse is presented in three lessons. At the end of these lessons, you will be able to take a set of
construction drawings and construct a wood-frame building

ACTION: You will describe the construction of floor, wall, stair, and roof systems and the
installation of doors and windows.
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CONDITION:  You will be given the materia in this subcourse and an Army Correspondence Course
Program (ACCP) examination response sheet.

STANDARD: To demonstrate competency of this task, you must achieve a minimum of 70 percent
on this subcourse.
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LESSON 1
FLOOR CONSTRUCTION
Critical Task: 051-236-1141

OVERVIEW

LESSON DESCRIPTION:
In this lesson you will learn how to perform one task-construct a floor.
TERMINAL LEARNING OBJECTIVE:
ACTION: Y ou will describe the construction of a floor system.
CONDITION:  You will be given the materia contained in this lesson.
STANDARD: Y ou will correctly answer the practice exercise questions at the end of this lesson.
REFERENCES. The materia contained in this lesson was derived from FM 5-426.
INTRODUCTION
After the foundation isin place, you are ready to start constructing the framework for the floor system.
PART A - FLOOR FRAMING

1-1. Typesof Sills. Slls are the horizontal timbers of a building which either rest up the masonry
foundations or, in the absence of such, form the foundations. The sl is the foundation that supports al
of the building above it. It is the first part of the building to be set in place and rest directly on the
foundation, posts, or the ground. Sills are joined at the corners and spliced when necessary. The type
of sl used depends on the type of construction used in the frame.

a Box Slls. Figure 1-1, page 1-2, shows box sills. Box dills are often used with the common
style of platform framing (either with or without a sl plate). With this type of ill, the part that lies on

the foundation wall or ground is called the sill plate The sill is laid edgewise on the outside edge of the
sl plate.
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Figurel-1. Boxsills

b. T-Slls. There are two types of T-sll construction-sills commonly used in dry, warm climates
(see Figure 1-2) and sills used in colder climates (see Figure 1-3). Although these T-sill constructions are
smilar, notice that in Figure 1-2 the joists are nailed to the studs and sole plates. In Figure 1-3 the joists
are naled to the studs and sills and headers are used between the floor joists.

Studs

Draft-stop header

Sola plate

Joisis Concrete foundation

Sill plate

Figure1-2. Dry-climate T-sill
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Foundation wall

Figure1-3. Cold-climate T-sill

c. Built-Up Sills. Joints are stagger where built-up sills are used. Notice in Figure 1-4 how the
built-up sl corner joints are made. Heavier silIs are used if posts are used in the foundation. Slis are
single heavy timbers or built-up of two or more pieces of timber (see Figure 1-5, page 1-4). Where
heavy timbers are used, the joints should be placed over the post (see Figure 1-6, page 1-4).

Staggered joints

Sik

Post

Figure1-4. Built-up sills
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Sin
Post

Footing

Figure1-5. Braced framing

sill

1-2. Types of Girders. A girder is a large horizonta member used to support joists or beams. A
girder is made of severd beams nailed together with 16d (sixteen penny) common nails, solid wood,
sted, reinforced concrete, or a combination of these materials. Girders carry a very large proportion of
the weight of a building. They must be well-designed, rigid, and properly supported at the foundation
walls and on the columns. Girders must be installed so that they support the joists properly. The ends

of the wood girders should be at least 4 inches on the posts.

a. Built-up Girder. The built-up girder is commonly used in house construction. It is generally
made of three boards nailed together with 16d common nails. Figure 1-7 shows a built-up girder, walls,

joists, and columns.

* A shows two outside masonry walls.

* B showsthe built-up girder.

* C showsthe floor joists.

* D shows the support columns that support the girder.

Sill

Post

Figure 1-6. Heavy timber

okl

Detail of
built-up girder

EN5156

Figure1-7. Built-up girder
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b. Girder with Ledger Board. Use a girder with a ledger board when vertical space is limited
and where more headroom is needed (see Figure 1-8).

Noiched additional
172" for shrinkage

Figure 1-8. Girder with ledger board

c. Joigt Hangers. A girder with joist hangers is used where there is little headroom or where
the joists must carry an extremely heavy load (see Figure 1-9).

Figure1-9. Joist hangers

1-3. Girder Size Requirement. A girder should be large enough to support the load. The carpenter
should understand the effect of length, width, and depth of the wood girder. The principles which
govern the size of a girder are-

* The distance between girder posts.
e The girder load area.

e The tota floor load per square foot on the girder.
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* The load per linear foot on the girder.
e The tota load on the girder.
* The materia to be used.

1-4. Depth. When the depth of a girder is doubled, the safe load is increased four times. For
example, a girder that is 3 inches wide and 12 inches deep will carry four times as much weight as a
girder 3 inches wide and 6 inches deep. To obtain greater carrying capacity, it is better to increase the
depth than to increase the width of the girder. The sizes of built-up wood girders for various loads and
gpans may be determined by using Table 1-1.

Table 1-1. Sizes of built-up wood girders

Load Per Length of Span (feet)
Linear Foot
of Glrder L 7 8 9 10
| Nominal Size of Girder Required (inches)
750 6x8 6x8 6x8 8x 10 6x 10
900 6x8 6x8 6x8 8x10 8x10

1,050 6x8 6x10 8x10 8x10 8x12
1,200 6x10 8x10 ax10 8x10 Bx12
1,350 6x10 8x10 8x10 ax12 10x12
1,560 8x10 8x10 8x12 i0x 12 10x 12
1,650 8x10 8x12 10x 12 10x 12 10x 14
1,800 Ax10 8x12 10x 12 10x 12 10x 14
1,950 8x12 10x 12 10x 12 10x 14 12x 14
2,100 8x12 10x 12 10x 14 12x 14 12x14
2,250 10x 12 10x 12 10x 14 12x 14 12x 14
2,400 i0x 12 10x 14 10x 14 12x 14
2,550 10x12 10x 14 12x 14 12x 14
2,700 10x12 10x 14 12x14
2,850 i0x 14 12x14 12x 14
3,000 10x 14 12x 14
3,150 i0x 14 12x 14
3,300 12x 14 12x 14

NOTES:

1. The 6-inch girder is figured as being made with three pieces 2-inch dressed to 1 3/4-inch

thickness.

2. The B-inch girder is figured as being made with four pieces 2-inch dressed to 1 3/4-inch

thickness.

3. The 10-inch girder is figured as being made with five pleces 2-inch dressed to 1 3/4-inch

thickness.

4. The 12-inch girder is figured as being made with six pieces 2-inch dressed to 1 3/4-inch

thickness.

5. For solid girders, multiply the above loads by 1.130 when a 6-inch girder is used; 1.150

when an 8-inch girder is used; 1.170 when a 10-inch girder iz used; and 1.180 when a 12-inch

girder is used. -

_J|
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1-5. Load Area. Both the foundation walls and the girder carry the load area of a building. Because
the ends of each joist rest on the girder, there is more weight on the girder than on either of the wall.

Examplel. Before considering the load on the girder, consider the weight of a single joist. Suppose that
a 104t board weighing 5 pounds per foot is led by two men. If the men are at opposite ends of the
plank, they would each be supporting 25 pounds (see Figure 10).

e — i —

10’ board,5 bs perft =50 b

Each person lits 25 b

Figure1-10. Example of weight on a single joist

Example 2. Now assume that one of these men lifts the end of another 10+t board with the same
weight as the first one, and a third man lifts the opposite end. The two men on the outside are each
supporting haf the weight of one plank, or 25 pounds apiece, but the man in the center is supporting
one half of each of the two boards, or a total of 50 pounds (see Figure 1-11).

a fe—— 10’ ——— a8 a 10’ >

"Two 10’ boards,5 basperft=100 b

Figure1-11. Example of weight on a girder

The two men on the outside represent the foundation walls. The center man represents the girder. The
girder carries half of the weigh and the other half is equaly divided between the outside walls. However
the girder may not always be located halfway between the outer walls.

Example 3. Imagine the same three men lifting two planks that weigh 5 pounds per foot. One of the

planks is 8 feet long and the other is 12 feet long. The total length of these two planks is the same as
before. The weight per foot is the same, so the total weight in both cases is 100 pounds.
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One of the outside men is supporting half of the 8-foot plank, or 20 pounds. The man on the opposite
outside end is supporting half of the 12-foot plank, or 30 pounds. The man in the center is supporting
one half of each plank, or atotal of 50 pounds. This isthe same total weight he was lifting before. 1t is
important to remember that a girder carries the weight of the floor on each side to the midpoint of the
joists which rest upon it.

1-6. Floor Load. After the girder load area is known, the total floor load per square foot must be
determined for safety purposes. Both dead and live loads must be considered.

a Dead Load. A buildings structure weight is called the dead load. The dead load per square
foot of floor area is carried directly or indirectly to the girder by bearing partitions. Dead load varies
according to the method of construction and the building height. The structura parts included in the
dead bad are-

* Hoor joists for al floor levels.

» Hooring materids, including the attic if it is floored.

» Bearing partitions.

» Attic partitions.

» Atticjoists for the top floor.

e Calling lath and plaster, including the basement celling if it is plastered.

b. Total Dead Load. For a building of light fame construction smilar to an ordinary frame
house, the dead-load allowance per square foot of all structura parts must be added together to
determine the total dead load. The alowance for an average subfloor, finished floor, and joist without
basement plaster should be 10 pounds per square foot. If the basement celling is plastered, an additional
10 pounds per square foot should be allowed. If the attic is unfloored, a load allowance of 20 pounds
must be made for celing plaster and joists when girders or bearing partitions support the first-floor
partition. If the attic is floored and used for storage, an additional 10 pounds per square foot should be
alowed.

c. LiveLoad. The weight of furniture, persons, and other movable loads, not actualy a par of
the building but still carried by the girder, is called the liveload. The live load per square foot will vary
according to the use of the building and local weather conditions. Snow on the roof is considered part
of the live load. The alowance for the live load on the floors used for living purposes is usualy 30
pounds per square foot. If the attic is floored and used for light storage, an additiona 20 pounds per
square foot should be alowed. The allowance per square foot for live loads is usudly governed by loca
building specifications and regulations.
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d. Load Per Linear Foot. When the total load per square foot of floor area is known, the load
per linear foot on the girder can easly be figured. Assume that the girder load area of the building
shown in Figure 1-12 is diced into 1-foot lengths across the girder. Each dice represents the weight
supported by 1 foot of the girder. If the dice is divided into 1-foot units, each unit will represent 1
sguare foot of the total floor area. The load per linear foot of a girder is determined by multiplying the
number of units, 12, by the total load per square foot, 70 pounds. This gives you 840 pounds per linear
foot on the girder (12 x 70 = 840 pounds). Now you can take the 840 pounds per load per linear foot of
girder and use Table 1-1, page 1-6, to determine the girder size. If your number is not on the table,
round up.

P e

-’ .

£ =F
?_ — ——
Bearing partition ~—————————= Plasteret.i.wa'lt Cailing joists
/l and ceiling Double fioor

1 0 /
l 12 0,, I Floor joists
J Grrder load area

14

Figure1-12. Girder load per linear foot

e. Total Floor Load. Note in Figure 1-12 that the girder is off center. Remember that half of
the load is supported by the girder and half is supported by the foundation walls. Therefore, the joist
length to be supported on one side of the girder is 7 feet (haf of 14 feet), and the other sde is 5 feet
(half of 10 feet) for atotal distance of 12 feet across the load area. Since each diceis 1 foot wide, it has
atota floor area of 12 square feet. Assume that the tota floor load for each sgquare foot is 70 pounds.
Multiply the length times the width (7 feet x 12 feet) to get the total square feet supported by the girder
(7 feet x 12 feet = 84 square feet).

1-7. Girder Material. Wooden girders are more common than sted girders in smal frame buildings.
Solid timbers may be used, or girders may be built up by using two or more 2-inch planks. Built-up
girders warp less easly than solid wooden girders and are less likely to decay in the center.

a Choice of Material. Regardless of whether the girder is built-up or solid, it should be of well-

seasoned materia. For a specific tota girder load and span, the size of the girder will vary according to
the kinds of wood used, since some woods are stronger than others.
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b. Useof Nails When built-up girders are used, the pieces should be securely nailed together to
prevent individua bucking. A two-piece girder of 2-inch lumber should be nailed on both sides with 16d
common nails. The nails should be located near the bottom, spaced approximately 2 feet apart near the
ends and 1 foot gpart in the center. A three-piece girder should be nailed in the same way. The nailing
pattern should be sguare across the end of the board (1 1/2 inches from each end) and then diagona
every 16 inches.

1-8. Girder Splices. To make a built-up girder, select straight lumber free from knots and other
defects. The stock should be long enough so that no more than one joint will occur over the span
between footings. The joints in the beam should be staggered, taking care to square the planks at each
joint and butt them tightly together.

a Hdf-Lap Joint Sometimes a haf-lap joint is used to join solid beams. In this case, place the
beam on one edge so the annual rings run from top to bottom, The lines for the half-lap joint are then
laid out (see Figure 1-13). Cuts are made aong these lines, then checked with a stedl square to assure a
matching joint. Repeat this process on the other beam.

Half-lap joint Butt joint

Figure1-13. Girder splices

b. Temporary Strap. Tack a temporary strap across the joint to hold it tightly together. Drill a
hole the joint with a bit about 1/16 inch larger than the bolt to be used, and fasten the joint with a balt,
a washer, and a nut.

c. Strapped Joint. When a strapped butt joint is used to join solid beams, the ends of the

beams should be cut square. The straps, which are generaly 18 inches long, are bolted to each side of
the beams.
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1-9. Girder Supports. When small houses are built without an architect, the carpenter must know
the principles that determine the proper size of girder supports.

a Columns. A verticd member, designed to carry the live and dead loads placed upon it is
caled a column or a post. It can be made of wood, meta, or masonry. Wooden columns may be solid
timbers or severd wooden members nailed together with 16d or 20d common nails. Meta columns are
made of heavy pipe, large sted angles, or I-beams.

b. Column Spacing. A good arrangement of the girder and supporting columns for a 24-foot by
40 oot building is shown in Figure 1-14. Column B will support one half of the girder load existing in
the part the building lying between wall A and column C. Column C will support half of the girder load
between columns B and D. Likewise, column D will share the girder loads equaly with column C and
wall E.

_ Girder
Column B Column C Column D
e :
—F — —F ¥
- 10' -0’ —>}<—10’-0’ —>|<-—10'-0'—><—1o'-o' —
Wall A Wall E
if 40 -0 ;I T

Figure1-14. Girder and column spacing

NOTE: When locating columns which must support girders, avoid spans of more than 10 feet
between columns. The farther apart columns are spaced, the heavier the girder must beto carry the
joist over the span between the columns.

c. Bearing Plates and Footings. Regardless of the materia used in a column, it must have some
form of a bearing plate at the top and bottom. These plates distribute the load evenly across the
column. Basement posts that support girders should be set on masonry footings. Columns should be
securely fastened at the top to the load-bearing member and at the bottom to the footing on which they
rest.
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d. Column Fastening. Figure 1-15 shows a solid wooden column with a metal bearing cap
drilled so that it can be fastened to the column and to the girder. The bottom of this type of column
may be fastened to the masonry footings by a meta dowel. The dowel should be inserted in a hole
drilled in the bottom of the column and in the masonry footing. The base is coated with asphdt at the

drilling point to prevent rust or rot.

Matal cap

Metal dowel ! Masonry footing

3K

Figure1-15. Girder and
column fastening

1-10. Floor Joists. Joists are wooden members, usually 2 or 3 inches thick, that make up the body of
the floor frame. The flooring or subflooring is nailed to them.

a Joist Loads. Joists usudly carry a uniform load of materias and personnel. These are live
loads. The weight of joists and floor is a dead load. Joists are spaced 16 or 24 inches on the center.
Sometimes the spacing is 12 inches, but where such spacing is made necessary by the load, heavier joists
should be used. In certain parts of the floor frame, to support heavily concentrated loads or a partition
wall, it may be necessary to double the joists or to place two joists together (see Figure 1-16).
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Figure 1-16. Reinforced joists

b. Joists and Sills. When joining joists to sills, be sure that the connection can hold the load
that the jolt will carry. A joist resting on the sl and girder is shown in Figure 1-17. This connection
method is most commonly used because it provides the strongest possible joint. The method shown in
Figure 1-18, page 1-14, a joist with ledger plates is used when it is not desirable to use joists on top of
the sill. The ledger plate should be securely nailed to the sill and girder. If the joist must be notched, it
should be securely nailed to the sill and girder. [If the joist must be notched, it should not be notched
over one third of its depth (to prevent splitting). Joists must be levd when framed to girders. If the
joist is not the same height as the girder, the joist must be notched (see Figure 1-19, page 1-14).

X dh

Joist

Figure1-17. Joist restingon sill
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Sl" Joist Sill Joist

N f,"'g,d,, N S o

Figure 1-18. Joist with ledger plates

Joists Girder

Ledger stiips

Figure1-19. Joist connected
to agirder

c. Joigt Hangers. When it is desirable to have the joists and girders flush, the ends of the joists
can be supported by joist hangers (see Figure 1-20). Joist hangers support joists at the girders. When
joists are hung using joist hangers, the maximum headroom is obtained below the girder.

Figure1-20. Joist hangers
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1-11. Bridging. When the joists are used over a long span, they tend to sway from side to side.
Therefore, bridging is instdled. Floor frames are bridged for iffening and to prevent unequal
deflection of the joists. Bridging enables an overloaded joist to receive some help from the joist on
either sde of it. A pattern for the bridging stock is obtained by placing a piece of materia between the
joist, then marking and sawing it. There are three types of bridging: solid, cross, and compression.

a. Solid. To provide maximum rigidity to the joist, use solid bridging. The bridging is offset to
permit end nailing where posible (see Figure 1-21).

Figure1-21. Solid bridging

b. Cross. Wood-cross bridging is used most often. It is cut to ft diagonaly between joists (see
Figure 1-22). Each piece is nailed to the top of each joist before the subfloor is placed. The bottoms
are left free until the subfloor islaid. This permits the joists to adjust themselves to their fina postions
and keeps the bridging from pushing up the joists and causing an uneven floor.

Joist

Bridging

Figure1-22. Cross bridging
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c. Compresson. Use hammer blows to instal compression bridging. Where the bridging is
drilled, it is nailed in place (see Figure 1-23).

N Step 2
Step 3 Step 4 %

Joist

Floor

q] Brldging

Figure 1-23. Ingtallation of cross bridging

PART B - SUBFLOORING

1-12. Plywood Subflooring. After the foundation and basic framework for the floor are completed,
the subtler can be installed. Material for constructing the subfloor can be ether 1-inch or 2-inch
materid. Plywood is very satisfactory for subflooring because of the large sheets which can be installed
rapidly. The thicknesses required are 1/2-, 5/8-, or 3/4-inch, depending on the joist spacing and the
floor load requirement.

Lay sheets with the face grain at a right angle to the joist when instaling plywood.

Lay the sheets so that the joists are placed over the joidts.

Arrange plywood so that the joints for the complete floor are staggered (see Figure 1-24).

Glue and nail the plywood in place.
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Stagger end ||

=

N\

Figure 1-24. Plywood subflooring

1-13. Diagonal Subflooring. Lay diagona subflooring on the joist framework and nail it in place (See
Figure 1-25, page 1-18). Subfloor material can be either 1-inch or 2-inch material.

Lay the subfloor before the walls are framed.

Square the ends of the boards before nailing when laying the flooring.

Place the ends of the boards before nailing when laying the flooring.

Use at least three nails per joist for boards 8 inches wide or more.
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Subfioor

Figure 1-25. Diagonal subflooring

PART C - FINISH FLOORING

1-14. Prepareto Lay aFloor. The finish flooring should be delivered to the job site in sufficient time
to alow the carpenter to lay out the floor. This adlows the flooring to adjust to the moisture and
temperature conditions in the building. Fifteen-pound asphalt felt should be placed over the subfloor
before installing the finish flooring. Before laying the floor, check the floor plans to determine which of
the rooms is the largest and what its relationship is to the other rooms. If laying strip flooring, seeif the
flooring will extend from the largest room into the next room. If so, lay the flooring in the longest
direction. Check the walls of the largest room to see if the opposite walls are parale to each other.
Snap a chalk line pardle aong the longest wal to establish a straight line (called a basdling. This line
should extend into the next room so the strip flooring will be continuous.

1-15. LaytheFloor. The following guideines should be used when laying a floor:
a Sdect a long straight piece of flooring for the first board. Place this piece of flooring in

position with the grooved edge toward the wall (see Figure 1-26). Allow approximately 1/4 inch aong
the wall for expansion.
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Room 3

e
Room 1 &
 largest room —‘}

Room 2

............. N

Figure 1-26. Floor plan

b. Face nail the board at A with afinish nail, but do not drive the nail home.
c. Measure the distance X from the face of the fist board to the chak line L.

d. Transfer this distance to Y and set a nail at B. Now board 1 is pardld to the chalk line L
and to the longest wal in the largest room.

e. Use a straightedge to ensure that board 1 is straight. Then face nail the board every 12
inches. Nall as close to the wall as possible.

f. Continue to cut, fit, and nail the flooring until the board marked 2 has been reached.
g. Make sure the board joints are staggered (see Figure 1-27, page 1-20).
h. Blind nail the rest of the tongue-and-groove flooring through the tongue at about 50 degrees

to the floor. To draw up the tongue-and-groove flooring for nailing, use a short piece of tongue-and-
groove lumber as a straightedge and a hammer to drive the flooring up tight (see Figure 1-28, page 1-20).

1-19 EN5156



1
LN
Staggered Staggered

4

Figure 1-27. Staggered board joints

Finished
floor

/ i Tongue

Groove

Figure 1-28. Blind nailing

i. Stand on the board to be nailed when nailing the floor in place. This holds the strips of
flooring in place (see Figure 1-29).

Figure 1-29. Nailing floor in place
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j. Look at basdine L in Figure 1-30. When the finished floor has been laid up to line 2, the
starter board 3 in the largest room should be lad. The front edge of this board should be the same
distance from the chalk line L as the front edge of board 2. This ensures that the boards will come out
evenly at the door opening, where the flooring passes from room 1 to room 2.

=~ I~
Room 1
largest room

@
>

Figure 1-30. Floor plan
k. Continue laying the floor until you are within two or three boards from the opposite wall.

[. Now, cut the last few boards, open up the groove in the boards, place them in position, draw
them tightly together, and surface nail them in place.
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LESSON 1
PRACTICE EXERCISE
The following items will test your grasp of the materia covered in this lesson. When you have
completed the exercise, check your answer with the answer key that follows. If you answer any item
incorrectly, study again that part which contains the portion involved.

1. Which part of the floor system for a frame building rests directly on the masonry foundation?

A. Sils

B. Joists

C. Solid bridging
D. Pie plates

2. What are the three types of sillsused to congtruct a floor system?

A. Built-up, T, and girders
B. T, built-up, and box

C. Box, T, and plate

D. Plate edge, and T

3. Theload area of abuilding is carried by both the foundation and the--

A. Joists

B. Partitions

C. Joist hangers
D. Girder

4.  Suppose you must increase the girder load capacity to four times greater than the existing girder
(which is 3 inches wide and 6 inches deep). What size girder (in inches) would you install?

A. 3x8
B. 3x10
C. 3x12
D. 6x12
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5. Refer to Table 1-1, page 1-6. You are required to determine the girder size for a specific building.
There are 14 units of floor area, and the total load per square foot is 80 pounds. What size girder (in
inches) is required?

A.
B.
C.
D.

6x8
6 x 10
8x 10
8x 12

6. You know that floor joists are wooden members that make up the body of the floor frame and
sometimes must be doubled. Why is it necessary to double a floor joist?

A.
B.
C.
D.

Because heavily concentrated loads must be supported.
Because of the defective lumber you have to work with.
Because of the extra long spans between foundation walls.
Because of a weak floor.

7.  What isthe strongest method for installing floor joists?

A.
B.
C.
D.

Joists resting upon sills and girders

Joists installed with ledger boards

Joists installed using metal hangers

Joists installed with metal hangers and 16d nails

8.  Why is bridging used when constructing the floor system?

A.
B.
C.
D.

To strengthen the weak parts of the subfloor.

To allow equal weight to be distributed across the girder.
To stiffen the floor frame.

To add strength to the joist hangers.

9. How iscrossbridging instaled in a floor system?

A.

EN5156

The top of the cross bridging is nailed to the top of the floor joist before the subfloor is
installed. The bottom of the bridging is nailed in place after the subfloor is installed.

The bottom of the cross bridging is nailed to the floor joists. Next, the top of the bridging is
nailed to the top of the floor joists, then the subfloor isinstalled.

The subfloor is installed. Next, the bridging is measured, marked, cut, and nailed in place
from beneath the floor.

Before the subfloor isinstaled, the top and bottom of the bridging is installed.
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10. When ingtaling a plywood subfloor, what must you do to the floor end joints?

A. Linethem up

B. Center them

C. Sand them smooth
D. Stagger them
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Item

1. A
2. B
3. D
4. C
5. C
6. A
7. A
8. C
9. A
10. D

EN5156

LESSON 1

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

Slls
Slisare the horizontd . . . (page 1-1, para 1-1)

T, built-up, and box
Box Sills. (page 1-1, para 1-1a); T-Slls. (page 1-2, para 1-1b);
Built-Up Sills. (page 1-3, para 1-1¢)

Girder
Both the foundation walsand . . . (page 1-7, para 1-5)

3x12
Table 1-1 (page 1-6, para 1-4)

8x 10
Table 1-1 (page 1-6, para 1-4)

Because heavily concentrated loads must be supported.
In certain parts. . . (page 1-12, para 1-10a)

Joists resting upon sills and girders.
A joist resting . . . (page 1-13, para 1-10b)

To dtiffen the floor frame
Floor frames are bridged . . . (page 1-15, para 1-11)

The top of the cross bridging is nailed to the top of the floor joist before the subfloor is
installed. The bottom of the bridging is nailed in place after the subfloor is installed.
Each pieceisnailed . . . (page 1-15, paral-11b)

Stagger them
Arrange plywood . . . (page 1-16, para 1-12)
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LESSON 2
WALL-SYSTEM AND STAIRWAY CONSTRUCTION
Critical Tasks: 051-236-1142
051-236-1143
051-236-2109
OVERVIEW
LESSON DESCRIPTION:

At the end of this lesson, you will be able to describe the construction of wals and stairs and the
installation of doors and windows.

TERMINAL LEARNING OBJECTIVE:

ACTION: You will describe how to construct a frame wdl and how to install doors and
windows.

CONDITION:  You will be given the materid contained in this lesson.
STANDARD: Y ou will correctly answer the practice exercise questions at the end of this lesson.

REFERENCES: The materia contained in this lesson was derived from FM 5-426.

INTRODUCTION

The primary objective of good construction is to erect a building that is structurdly sound. The
structure should withstand such forces as wind and vertica loads.

PART A - FRAMING MEMBERS
Wall framing consists of studs, plates, braces, cripples, trimmers, headers, and fire blocks. It is supported

by the floor system. Prefabricate the members of the frame wal on the floor of the building. Then
raise the members into position and brace, nail, or bolt them in place.
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2-1. Studs. Studs are closdy spaced verticad members that support the weight of the upper floors.
They provide a framework for exterior and interior finishes. Main studs can be spaced at 12, 16, or 24
inches on center. Lay out studs by measuring from one corner the distance the studs are to be spaced.
Make a tick mark on the plate at the proper measurement (see Figure 2-1). After the window and door
openings are determined, the studs are paced and nailed through the existing plates with 16d or 20d
nails.

Top
plate
Window Door
opening opening
Stu
! Sole Sols
plate plate
Studs 4 T
sel 16° Tick mark

Figure2-1. Tick markson the plate

To gan the proper location and width of window and door openings you will need additional studs.
Fasten the new studs to the plates in the same way as the previoudy instaled studs. The new studs are
not framed at 12, 16, or 24 inches on center (see Figure 2-2).

2-2. Plates. There are two types of plates-top and bottom (sole). The plates are laid out so the
competed frame wall can be lifted easly and directly into place with the least amount of movement of
the wall.

a. Top Plates. A horizontal member of a partition or frame wall is cadled a top plate It serves
as a cap for the studs and a support for the joist, rafters, and studs. Top plates tie the studs together at
the top and ensure that the studs are digned. They provide support for structura members above the
plates and aso provide a base for the roof rafters which tie the roof and walls together. To be effective,
top plates should be doubled at the top of the walls and partitions and should have their joints staggered.
(Double top plats are discussed in paragraph 2-9, page 2-12.)
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Top plate

4

M n_i \T

" New studs

Window i
opening Door opening |

/ I Sole

New stud plate

4

Figure2-2. Placement of other studs

b. Sole Plates. Use a sole plate (with dimensions not less than the studs) where the walls do
not rest on a sill, girder, or beam. Instal the studs or corner posts at intervals that are evenly spaced
except where partitions or walls are intersected.

2-3.  Door and Window Openings. When framing door openings, it is desirable to double the studs.
Cut short studs or trimmers the size of the opening and nail them to the inside face of the new studs
(see Figure 2-3).

Header
Rough I
openin
penng i Trimmer
stud
Trimmer
stiud ~H —] ] |
New stud Sols
A}’ plate

Figure2-3. Framefor a door opening
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a. Headers. Use 2 by 4 or 2 by 6 lumber to make a header. Double the header when this size
of lumber is used. The size and the amount of lumber to be used in a header is determined by the
width of the opening and the bearing load.

b. Subsll. When making a window opening, install a header over the window in the same way
you would ingtall a header over the door. A subsill must be framed between the trimmers and the
cripples. The subsill can be either single or double. When doubled, nail the bottom piece to the outside
studs at the proper height. Then nail the top piece of the sill to the bottom section (see Figure 2-4).

Header l "
‘ L~ New studs
- Rough lf} | —
opening || T,
Trimmer
Trimmer _ L — 1 stud
stud \r\” S;ﬁsﬂl
Sole
| Cripple /'/ plate

Figure2-4. Framefor window opening

c. Cripples. Place the cripple or jack studs under and over the window and over door openings
(see Figure 2-5). Cripples are placed at the same intervas as the ordinary studs and are installed after
the openings are framed. These serve the same purpose as studs in the rest of the wall.

2-4. Bracing. Bracing is used to stiffen framed construction and make it rigid. Bracing is aso used
to resst winds, storms, twists, or strains. Good bracing keeps corners square and plumb. Bracing
prevents warping, sagging, and shifting that could otherwise distort the frame and cause badly fitting
doors and windows. The three methods commonly used to brace frame structures are let-in, cut-in, and
diagonal-sheathing bracings. In some cases, temporary bracing may be used instead.
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Cripple Cripple
(jack) studs Stud (jack) studs

/ |

ny

Cripple
{jack) studs

Figure2-5. Cripples

a. Let-In Bracing. Let-in bracing is set into the edges of studs, flush with the surface. The
studs are aways cut to let in the braces; the braces are never cut (see Figure 2-6).

Header

Figure2-6. Let-in bracing
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b. Cut-In Bracing. Cut-in bracing is toenailed between studs. They are inserted in diagona
progression between studs running up and down from corner posts to the sole plate, top plate, or slis
(see Figure 2-7).

Wall sheathing

Figure2-7. Cut-in bracing

c. Diagond-Sheathing Bracing. The strongest type of bracing is diagona sheathing (see Figure
2-8). Each board braces the wall. If plywood sheathing 5/8 inch thick or more is used, other methods
of bracing may be omitted.

Window
opening

Wall sheathing
(diagonal bracing)

Figure 2-8. Sheathing used as
diagonal bracing
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d. Temporary Bracing. Temporary bracing is placed at intervals small enough to hold the wall
straight (see Figure 2-9). Bracing placed diagonally on the studs running from the sole plate to the top
plate will increase the strength of the wall against horizontal stress (se Figure 2-10).

Temporary

Figure2-9. Temporary bracing

Cripple ' Cripple
(jack) studs Trimmer 3
}\ Header o (jack) studs Header

[ - n L L. .
! - Stud
Rough
opening New
stud
Trimmer Subsill
stud {

/
2 . %
Jack Diagonal

studs bracing
lemporary -

Figure 2-10. Temporary diagonal bracing
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2-5.  Fire Blocks. Fire blocks are short pieces of 2 by 4s cut to fit snugly between the studs. They
are placed midway up the wall, between the studs to prevent the spread of fire ingde the wal. The use
of fire blocks will differ according to loca building codes. Figure 2-11 shows the proper placement of

fire blocks.
Cripple Cripple
. _ !”:s : jack
Fire jl s 1lsludsr
blocking
at midpoint Header ;‘Ud - Header
if required _ Rough T/J' Al {{f=— Rough Trimmer
by local opening ~ nimmer ! OPBnhQ stud
building . Nte:l $tud Fire
code stu i blocking at
i Bl midpoint i
required by
Trimmer Subsill Trimmer local code
d T Swd
stu‘ W Diagonal |} ,ﬂ_New studs
bracing
Sole \
. late
Jack P
= ufis Ll N

Figure2-11. Fireblock placement

2-6. Post Construction. Where partitions meet other walls and at the corners, the studs are built-up
using three or more regular 2 by 4s to provide greater strength. Corner posts and T-posts are the most
frequently used.

a

Corner Post. A corner post forms an insde corner and an outside corner, which provides a

good nailing base for insde wall coverings. The studs used at the corners of fame construction are
usualy built up from three or more ordinary studs to provide greater strength. These built-up assemblies
are called corner posts. They are set up, plumbed, and temporarily braced. Corner post may aso be
made in any of the following ways (see Figure 2-12).
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A 4 by 6 with a 2 by 4 nailed on the board side flush with one edge (see Figure 2-12, A).
This type of corner isfor a4-inch wall. Where walls are thicker, heavier timber is used.

A 4 by 4 with a2 by 4 nailed to each of two adjoining ides (see Figure 2-12, B).

Two 2 by 4s nailed together with blocks between them and a 2 by 4 flush with one edge
(see Figure 2-12, C). Thisisthe most common method.



* A 2 by 4 naled to the edge of another 2 by 4, the edge of one flush with the sde of the

other (see Figure 2-12, D). This type is used extensively in the theater of operations, where
no inside finish is needed.

LN

Figure2-12. Corner-post construction using
both 2-inch and 4-inch lumber

b. T-Posts. Whenever a partition meets another wall, a stud wide enough to extend beyond the
partition on both sidesis used. This provides a solid nailing base for the inside wall finish. This type of
stud is called a T-post and is made in any of the following ways (see Figure 2-13, page 2-10):

A 2 by 4 may be nalled and centered on the face side of a4 by 6 (see Figure 2-13, A).

A 2 by 4 may be nalled and centered on two 4 by 4s nailed together (see Figure 2-13, B).

* Two 2 by 4s may be nailed together with a block between them and a 2 by 4 centered on the
wide side (see Figure 2-13, C).

« A 2by 4 may be nailed and centered on the face side of a 2 by 6, with a horizontal bridging
nailed behind them to give support and stiffness (see Figure 2-13, D).

2-7.  Plumbing Posts. There are two methods for plumbing posts.
a. Method 1. To plumb a corner with a plumb bob--

(1) Attach a string to the bob. The string should be long enough to extend to or below the
bottom of the post.

(2) Lay aruleon top of the post so that 2 inches of the rule extend over the post on the side
to be plumbed.
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Figure2-13. T-post construction

(3) Hang the bob line over the rule so that the line is 2 inches from the post and extends to
the bottom of it. Refer to Figure 2-14.

(4) With another rule, measure the distance from the post to the center of the line at the
bottom of the post. If it does not measure 2 inches, the post is not plumb.

(5) Move the post inward or outward until the distance from the post to the center of the
line is exactly 2 inches, then nail the temporary brace in place.

(6) Repeat this procedure from the other outside face of the post. The post isthen plumb.

NOTE: Foallow this process for each corner post of the building. If a plumb bob or level is not
available, use arock, half-brick, or small piece of metal.

b. Method 2. An aternate method of plumbing a post is shown in the inset in Figure 2-14. To
use this method--

(1) Attach the plumb-bob string securely to the top of the post to be plumbed. Be sure that
the string is long enough to alow the plumb bob to hang near the bottom of the post.

(2) Usetwo blocks of wood, identical in thickness, as gauge blocks.

(3) Tack one block near the top of the post between the plumb-bob string and the post
(guard block 1).
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(4) Insert the second block between the plumb-bob string and the bottom of the post (gauge
block 2).

(5) If the entire face of the second block makes contact with the string, the post is plumb.

umb-bob
Column  Gage bloc string
#
Plumb-bob ﬁ races
string .

Plurnb bob
Gage block /

Figure2-14. Plumbinga post

2-8. Bridging The term bridging is used to refer to a system for bracing joists and studs. Frame walls
are bridged in most cases, to make them more sturdy. Two types of bridging are diagona and
horizontal.

a. Diagona Bridging. Diagona bridging is nailed at an angle between the studs (see Figure 2-
15, page 2-12). It is more effective than the horizonta type because it forms a continuous truss and
keeps the wal from sagging. Whenever possible, both interior partitions and exterior walls should be
bridged alike.

b. Horizontal Bridging. Horizontal bridging is nailed between the studs horizontaly and
halfway between the sole and top plates. This type of bridging is cut to fit between the studs. The
measurements should be taken at the sole plate in case the studs are warped. Such bridging not only
stiffens the wal but also helps to straighten the studs. Notice that the bridging is staggered in Figure 2-
16, page 2-12.
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Studs 4 ., f

Diagonal bridging ™ L

Figure2-15. Diagonal bridging

Studs =

Horizontal bridging

Figure2-16. Horizontal bridging

2-9. Double Top Plates. After the frame walls are assembled and set in place, they
must be tied together. Use a double top plate to interlock exterior walls at
the comer and load-beading partition walls. Overlap the double top plates
at the corners (see Figure 2-17). Tie load-bearing partition wallsinto the exterior walls
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by leaving an opening in the top plate of the outsde wal. This dlows the double top plate to Et into
place. Or cut out a piece of the double top plate to alow the overlap to fit (see Figure 2-18).

Top plate Partition wall
Top plate Lapped top plates
Corner
Lapped top plates Stud
Figure2-17. Lapped at Figure2-18. Lapped at the
the corner partition wall

2-10 Hasty Wall Congruction. Hasty wal construction is used frequently in the theater of
operations. This type of construction uses less materiad and requires less time. The panels used most
are end wal and sidewall.

a. End-Wall Panels. The walls at the end of the building have studs that extend to the rafters
and do not require a top plate (see Figure 2-19).

Figure2-19. End-wall panels
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b. Sidewdl Panels. Place studs from 2 to 10 feet apart, with girts placed horizontaly between
the studs to construct sidewdls (see Figure 2-20). Vertica siding is normally used in this type of
construction.

Figure2-20. Sidewall panels
PART B - WALL SHEATHING

After completing the framework of a building, fasten a covering, known as sheathing, to it. Sheathing
includes exterior wall sheathing, finish siding, and interior wall sheathing.

2-11. Exterior Wall Sheathing. Sheathing is nailed directly onto the framework of the building. It is
used to strengthen the building; provide a base wal to which finish sding can be nalled; act as
insulation; and, in some cases, be a base for further insulation. Some common types of sheathing
include wood, gypsum board, and plywood.

a. Wood Sheathing. Wood sheathing may be nailed on horizontally or diagonaly (see Figure 2-
21) however, diagona application adds much greater strength to the structure. If the sheathing is to be
put on horizontaly, start at the foundation and work toward the top. If it is to be put on diagondly,
start at the corner of the building and work toward the opposite wall.

b. Gypsum Board. The long edges of the 4 by 8 boards are tongue-and-grooved. Gypsum
board can be nailed (together with the wood sding) directly to the studs. Gypsum sheathing is
fireproof, water resistant, and windproof. It does not warp or absorb water and does not require the use
of building paper (see Figure 2-22).
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Figure 2-22. Gypsum board
sheathing

c. Plywood. Plywood is highly recommended for wall sheathing because of its weight, strength,
and structura properties. Plywood is most commonly used because it adds a lot more strength to the
frame than using diagondly applied wood boards. It comes in 4-feet-wide and 5- to 8-feet-long shests,
1/4 to 3/4-inch thick. Instal the sheets with the face grain paralle to the studs (see Figure 2-23, page 2-
16). It is usually applied vertically from the floor to the ceiling. When plywood is correctly applied
(with flush joints), the joints do not need to be concedled. However, to improve wall appearance, joints
may be covered with moldings. These may be battens fastened over the joints or applied as splines
between the panels. Less-expensive plywood can be covered with paint or covered in the same way as
plastered surfaces. Figure 2-24, page 2-16, shows how to fit plywood on rough or uneven walls.
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Piywood

Figure 2-23. Plywood sheathing

Scribed line
following contour
of wall

Scrap being
" scribed for use
as template for
cutting waliboard

1. Place a piece of scrap material in the angle and sciibe (mark) it to indicate the surface
peculiarities.

2. Saw the scrap material along the scribed line.

3. Place the scribed strip on the wall-panel material to be used. Keep the siraight edge
of the scrap material paraliel with the edge of the panel. Scribe the good shest of

paneling.
4. Saw the sheet along the scribed lina,

NOTE: This method can also be used for sheetrock; however, it would be easier
to just fill the gaps caused by uneven walls with joint compound.

Figure2-24. Fittingwall panels to uneven wails

2-16




2-12. Finish Siding. Finish sding is the outside wood finish of the wal. Only board siding made of
long, narrow boards will be covered in this section.

a Vertica Wood Siding. Vertical wood siding is nailed securely to girts with 8d or 10d nalls.
The cracks are covered with wood strips called battens. To make this type of wall more weatherproof

some type of tar paper or light-roll roofing may be applied between the siding and the sheathing. (See
Figure 2-25.)

Building paper

Vertical
wooden
siding

Board batten

Figure 2-25. Vertical wood siding

b. Horizonta Wood Siding. Horizontal wood siding is cut to various patterns and sizes to be
used as the finished outside surface of a structure (see Figure 2-26). It should be well-seasoned lumber.
Siding is made in sizes ranging from 1/2 inch to 1 inch by 12 inches. Two types of sding are beveled
and drop.

Saturated
felt

Horizontal
siding

Figure2-26. Horizontal wood siding
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(1) Beveled Siding. Beveled siding is made with beveled boards, thin at the top edge and
thick at the butt (see Figure 2-27). It isthe most common form of wood sding It comes in 1 inch for
narrow widths and 2 inches and over for wide types. It is nailed to solid sheathing, over which building
paper has been attached.

Bevel siding  Bevel siding
lap shiplap
N

oz 4° bevel siding
exrznrr 5° bevel siding
7] 6" bevel siding
7P 8° bevel siding | "J
ST T G 10° bevel siding

Figure2-27. Beveled siding

(2) Drop Siding. Drop sding is used as a combination of sheathing and siding or with
separate sheathing. It comes in a wide variety of face finishes and is either shiplapped or tongue-and-
grooved (see Figure 2-28). When sheathing is not used, the door and window casngs are set after the
sding is up. If sheathing is used and then building paper is added, drop siding is applied with beveled
sding, after the window and door casings are in place.

z
=z
Z
A
=
zZ
z
Z
‘/’.
7
Z
Z
Z
Z
Z
Z

7

Drop siding Drop siding
(Tongue and groove)

Figure2-28. Drop siding
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2-13. Sheetrock Tools. The following are tools used in the application of sheetrock:

a. The sheetrock hammer is used for hammering nails.

b. The sheetrock carrier (lifter) is used for carrying and lifting sheetrock.

C. Shesetrock knives are used to apply and finish joint compound. The 4-inch knife is used to
bed the tape in the first layer of joint compound and for filling the dimples, the 6-inch knife is used for
feathering out the second coat, and the 12-inch knife is used for the third/finish coat.

d. The corner trowd flexes from 90° to 103°. It is used to apply joint compound in interior
corners.

e. The mud pan isused to hold and carry joint compound.
f. The corner-bead crimper is used to fasten the comer bead by crimping.
g. The T-squareis used to lay out and guide a 90° cut on sheetrock.

h. The utility knife is used to score or cut the sheetrock (see Figure 2-29).

Y
L] (X4 /
: .
[/
Saw Score

Snap and separate by scoring the
back with a knife

Figure2-29. Cutting sheetrock

i. The keyhole saw is used for cutting irregular shapes and openings (such as outlet-box
openings).

j. Surform is used to smooth sheetrock edges after cutting.
k. The tape banjo is used to apply tape (dry) or joint compound and tape (wet).

|. Sandpaper and sponges are used for feathering or smoothing dried joint compound.
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m. A chalk lineis used to facilitate layout.

n. A 16foot measuring tape is used for measuring the sheetrock.

0. A 4foot hand leve isused to plumb.

p. Sawhorses are used for placing sheetrock on to make cuit.
2-14. Interior Wail Coverings. Interior wal coverings are divided into two generd types wet wal
materid (such as plaster) and drywal materia (including wood, sheetrock, plywood, and fiberboard).
Only drywadl will be covered in this subcourse.

a Drywall. Sheetrock, fiberboard, and plywood usudly comes in 4-foot-wide and 5- to 8-foot-
long sheets, 1/4 to 3/4 inch thick. Drywall is applied in either single or double thicknesses with panels

placed as shown in Figure 2-30. When covering both walls and cellings, always start with the ceilings.
Use annular ringed nails when applying finished-joint drywall to reduce nail pops.

Where walls are not more than 8’ high

Studs

o e o o
e e o o o

First layer paralle! to the studs Second layer or face at right
angles o sluds

Where walls are more than 8’ high

1 1 -1
i
Studs - I .
, i
]
L
First layer horizontal, joints staggered Face layer parallel to studs, uss full-length
use 12’ boards boards from the floor to the celling

The sketch at the right shows proper
cutling and fitting of the face layer I l

where doors and windows are in the
wall. Whenever practical, vertical end Studs
joints on side walls should be placed l

above door and window openings o
reduce the joint treaiment to a
minimum.

Figure2-30. Drywall placement
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b. Drywal (Sheetrock) Ingtallation. The three steps to instaling sheetrock are hanging,
finishing, and patching.

(1) Hanging Sheetrock. Apply sheetrock as follows:

Install sheetrock on the ceiling first. Measure the distance from the inside edge of
the top plate to the outside edge of the second celling joist. Measure and cut a piece
48 inches long to the width measured above. Install and secure the sheet to the
celling with sheetrock nails. Nail spacing on cellingsis 5 to 7 inches on center.

Determine the starting point of the wal. Using a measuring tape, locate a section
where the studs are 8 foot on center and where a full sheet could be laid horizontally.
Check the layout to ensure that there will be no joints above or below the door or
window openings. Sheets will be installed from the ceiling down to the floor, starting
at the celling.

Instal the first sheet. With the help of another person, place a sheet of sheetrock in
position so that the edges fall on the center of the studs. Place the sheet snug against
the ceiling, usng a hand levd to ensure that it is level. Secure the sheet with
sheetrock nails 6 to 8 inches on center, 3/8 inch from the edge. Install succeeding
sheets on the top half of the wall against installed sheets, ensuring that joints fall on
the center of the studs and that proper nall spacing is maintained. Using a utility
knife or sheetrock saw, cut out openings for doors and windows.

Lay out the receptacles. Measure the distances from an inside corner to both sides of
the receptacle box and record them. Measure the distance from the instaled
sheetrock to the top and bottom of the receptacle box, and record it. Measure and
mark these dimensions for the receptacle cutout, adlowing 1/16-inch clearance dl
around.

Cut out the opening for the receptacle. With a utility knife, drive a hole within the

opening. Using a keyhole saw, cut out the opening. Use a dight undercut bevel so
that the back opening is larger than the front opening.

Instal the prepared sheet. Place the prepared sheet in postion, ensuring that the
receptacle fits in the opening without breaking the paper. Make adjustments to the
opening if necessary. Secure the sheet to the studs with sheetrock nails. Using a
Surform, smooth the rough edges of the openings as necessary.

Lay out and cut sheets for corner posts. Measure and cut the required number and
sizes of sheets to cover corner posts. Use scrap pieces of materia if needed.
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Instal the corner bead. Using a corner-bead crimper, install the corner bead on the
exterior corners of corner posts. Use nailsif necessary.

(2) Finishing Sheetrock The finishing process consists of covering nailheads and covering
seams (covering seams is aso referred to as finishingjoints). Finish sheetrock as follows:

Check for improperly recessed nails by running the edge of a sheetrock knife over the
nailheads. A clicking sound indicates a nail needing to be recessed.

Use a 4-inch knife and mud pan with joint compound to apply a smooth coat of joint
compound over the nails. Remove any excess compound.

Use the knife and mud pan to apply a heavy coat of joint compound over a sheetrock
joint, horizontal or vertica. A heavy coat is enough to ensure a good bond between
the tape and sheetrock and to fill in tapered edges. Measure and cut the tape to the
length required for ajoint (see Figure 2-31). Keeping the tape centered over the joint,
start at one end of the joint and work toward the opposte end. Using the knife,
press the tape into the compound, removing all excess compound. Work off al
excess joint compound, being careful not to wrinkle the tape or leave air bubbles.
Continue to tape all the joints in the same manner.

Joint compound

|
|
i
Paper taps
| S
I
]

| ]
l\/

Sheetrock -

Figure2-31. Coveringjoints
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Use a 4-inch knife to apply a heavy coat of joint compound over the sheetrock at the
inside corner (see Figure 2-32). Measure and cut the tape to the length required for
the joint. Fold the tape in half lengthwise, keeping both edges even. Use a corner
tape creaser if necessary. Apply the tape at the top and work downward, running the
edge of your hand at the center of the tape to ensure that it isin the corner. Using
the insde corner tool, press the tape into the compound, working off all excess
compound and being careful not to wrinkle the tape or leave air bubbles,

Joint Paper
tape Feathered

Joint
compound

L
L. Sheetrock

Figure 2-32. Applyingtape at corners

Apply the first coat of joint compound over the tape then apply a medium coat of
joint compound. Feather the compound with the 6-inch knife to about 2 to 3 inches
on each side of the joint. A good job of feathering and smoothing will minimize
sanding later.

Apply the second coat of joint compound over the tape and nail coverings. The joint
compound previoudy applied must be completely dry. Use the 4-inch knife to apply a
thin coat of compound over the nails, removing any excess compound. Using the
steps above, apply the second coating to the joints using the 6-inch knife and
feathering out 6 to 8 inches on each side of the joint.

Apply the third coat of joint compound (see Figure 2-33, page 2-24). The joint
compound previoudy applied must be completely dry. Using the step above, apply
the third coat using the 10-inch knife and feathering out 10 to 12 inches on each side
of the joint. Nails should not require a third coat, but it may be applied if necessary.
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» Usng adamp sponge or fine sandpaper, sand the surface to a smooth finish, ensuring
that there are no voids and that the surface is ready to receive paint.

- T
Ly
Feathered | L Paper tape
joint -
compound ) ! <
il
Il
_______________________ Ll e o ]
______________________ rr e
L1
Sheetrock ~——an 8

Figure 2-33. Finishingthejoints

(3) Patching Sheetrock. There are severd different methods of patching sheetrock,
depending on the size of the hole.

» For small holes, apply fiber-mesh tape directly over the hole. Cut the tape with joint
compound and feather the edges. Sand or sponge the area smooth after it has dried.

* For fist-Sze holes, cut out a rectangle around the hole with a keyhole saw. Cut a
piece of backing (1 by 2 or 1 by 3) dightly larger than the opening itself. Glue or
screw the backing into place. Cut a patch and glue it to the backing using either
wallboard adhesive or mastic. Apply tape and coat it with compound. Feather the
edges. Sand or sponge the area smooth after it has dried.

» For large holes, mark and cut a rectangular section around the damaged area, reaching
from the centers of the nearest studs. Cut a patch and screw or nall it to the studs.
Apply tape and coat it with compound. Feather the edges. Sand or sponge the area
smooth after it has dried.

PART C - MOLDINGS

The different trims of a building, which have a definite architectura relationship to the design of the
building, are called moldings
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2-15. Base Moldings. The interior trim of a building should match or complement the design of the
doors, the windows, and the building. Base molding is the trim between the finished wal and the floor.
It is available in severd widths and forms. Two-piece base congists of a baseboard topped with a small
base cap (see Figure 2-34). The common size for this type baseboard is 1 by 4 inches or wider. One-
piece baseboard varies in size from 1/2 by 3 inches to 1 by 4 inches and wider (see Figure 2-35).
Although a wood member is desirable at the junction of the wall and carpeting to serve as a protective
bumper, wood trim is sometimes eliminated entirely.

Base cap

Base shos

Square-edgs base
Figure 2-34. Two-piece baseboard

Narrow ranch base Wide ranch base

Figure2-35. One-piece baseboard

a. Square-edged (or two-piece) baseboard consists of a square-edged baseboard topped with a
small base cap. When the wall covering is not straight and true, small base molding will conform more
closdly to the variations than will a one-piece base done. This type of baseboard is usualy 5/8 by 3 1/4
inches or wider. Install square-edged baseboard with a butt-joint at the insgde corners and a mitered
joint at the outside corners (see Figure 2-36, page 2-26).
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inside corner

Cope joint

Outside corner

Miter joints

Figure 2-36. Square-edged baseboard

b. Narow- and wideranch base (one-piece baseboard) are 3/4 by 3 1/4 inches or wider and
vary from 1/2 by 2 1/4 inches to 1/2 by 3 1/4 inches or wider.

c. A wood member at the junction of the wal and carpeting serves as a protective bumper;
however, wood trim is sometimes eliminated. Most baseboards are finished with a 1/2- by 3/4-inch base
shoe. A single-base molding without the shoe is sometimes placed at the wall-floor junction, especidly
where carpeting might be used.

d. Baseboard should be installed with a butt joint at the insde corners and a mitered joint at the
outside corners. It should be nailed to each stud with two 8d finishing nails. Base molding should have
a coped joint at inside corners and a mitered joint at outside corners. A coped joint is one in which the
first piece is square cut against the plaster or base and the second molding is coped. This is done by
sawing a 45° miter aong the inner line of the miter. The base shoe should be nailed into the subfloor
with long, dender nails, but not into the baseboard itself. Then, if there isa small amount of movement
in the floor, no opening will occur under the shoe. When severa pieces of molding are needed, they
should be joined with a lap miter. When the face of the base shoe projects beyond the face of the
molding, it abuts.

PART D - STAIRS
The most critical factor in stair design is the relationship between the rise (riser)

and run (tread). A unit rise of 7 inches to 7 5/8 inches high with an appropriate tread
will combine both comfort and safety. Although you will often find service
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stairs steeper, the riser should not exceed 8 inches.

shorten the run (see Figure 2-37).

[

12” Run

1 e § 1/2" Riss
8K~ + 6% + 127 = 25"
Tread

L

Riser i

N T

Nosing
approximately 1 1/4” C,—=
n:'_ :
)
———

- —— —

o g p——

N
1

—

N E——

10 /2" Run
™ 7 1/4” Rise

{7%” + 7%"} + 10%" = 26"

———
|

{8” +B") + 9~ =25"

Figure2-37. Stair design

2-17. Stair Design. Use the following rules when designing stairways.

Rule 1. The sum of 2 risersand 1 tread should equa 25 inches.

Rule 2. The sum of 1 riser and 1 tread should equal 17 to 19 inches.

To make the stairs steeper, increase the rise and

Rule 3. The height of the riser, multiplied by the width of the tread, should equa approximately 75
inches. According to rule 1, ariser of 7 1/2 inches would require a tread of 10 inches. A 6 1/2-inch

riser would require a 12-inch tread.

2-18. Stairway Calculations. To caculate the number and size of risers and treads for a given run,
first divide the tota rise by 7. If the total rise for a stairway is 7 feet 10 inches or 94 inches, the answer
will be 13.43. Since there must be a whole number for risers, select the one closest to 13.43 (13) and

divide it into the total rise.

94 inches divided by 13 = 7.23 or 7 1/4 inches

Number of riser = 13
Riser height = 7 1/4 inches
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In agiven stair run (see Figure 2-38), the number of treads will be one less than the number of risers. A
10 1/2-inch tread will be correct for the following example, and the total run would be cdculated as
follows:

Number of treads = 12
Total run = 10 1/2 inches x 12 treads = 126 inches or 10 feet 6 inches

The stairs will have--
13 risers each, 7 1/4 inches high.

12 treads each, 10 1/2 inches wide.
A total run of 10 feet and 6 inches.

Floor Joists
-

101727 Rise
Tread

Studs |
Sole plate
y - ¥

e Run 10 6 ——ed

Figure2-38. Stair run
2-19. Stairway Frames. To frame smple, straight, string stairs—-

a. Take a narrow piece of straight stock, caled a story pole, and mark on it the distance from
the lower-floor to the upper-floor level. This is the lower-room height, plus the thickness of the floor
joists and the rough and finished flooring. It is also the total rise of the stairs. Keep in mind that a
flight of stairs forms a right triangle. The rise is the height of the triangle, the run is the base, and the
length of the stringers is the hypotenuse.

b. Set dividersat 7 inches, the average distance from one step to another.

c. Step off this distance on the story pole.

d. Adjust the divider span dightly if this distance will not divide evenly into the length of the
story pole. Step off this distance again.
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e. Continue this adjusting and stepping off until the story pole is marked off evenly. The span
of the dividers must be near 7 inches. This represents the rise of each step.

f. Count the number of spaces stepped off evenly by the dividers on the story pole. This will
be the total number of risers on the stairs.

g. Measure the length of the stairwell opening for the length of the run of the stairs. Obtain
this length from the plans. The stairwel-opening length forms the base of a right triangle. The height
and base of the triangle have now been obtained.

2-20. Stairway Dimensions. Standard procedures can be used to determine the height of the rise, the
length of the stairway, and the width of tread.

a. Rise Height. In order to determine the height of the risers, use a set of dividers and set
them at 7 inches. Now step off the distance on the story pole from one end of the pole to the mark
you made on the other end. If the distance will not divide into the length of the story pole evenly,
adjust the divider spans dightly and again step off this distance on the story pole. Continue adjusting
and stepping of f until the story pole is marked off evenly. Now count the number of spaces stepped off.
This will be the total number of risersin the stairs.

b. Stairway Length. Measure the length of the stairwell for the length of the run of stairs. The
length may also be obtained from the details on the pane.

c. Tread Width. To determine the width of each tread, divide the number risers, less one
(remember there is one more riser than thread), into the run stairs. The numbers obtained are to be
used on the stedl square in laying off the run and rise of each tread and riser on the stringer (see Figure
2-39).

Figure2-39. Layingoff runandrise
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» Locate the width of the tread and the height of the riser on the stedl framing square.

* Use thee figures to lay off the tread and riser of each step on the stringer equa to the
number of risers previoudy obtained by dividing the story pole into equal spaces. Your
stringer is now ready to be cut.
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LESSON 2
PRACTICE EXERCISE

The following items will test your grasp of the material covered this lesson. There is only one correct
answer to each item. When you complete the exercise, check your answer with the answer key that
follows. If you answer any item incorrectly, study again that part of the lesson which contains the
portion involved.

1.  When can siding be placed before door and window casings are set in place?
A. On hasty construction
B. When sheathing is not used
C.  Only when plywood is used
D. When studs are 24 inches on center

2. Where do you center joints when hanging sheetrock?

A. Ongirts

B. Onjoints
C. On studs
D. On T-posts

3. What purpose does molding serve at the junction of awall and the floor?

A. Asabumper
B. Asadecoration
C. Asan extenson
D. Asasupport

4.  What type of bracing is placed between the studs in short blocks?

A. Corner
B. Cut-in
C. Leét-in
D. Diagond
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5.  What type of sheathing can be used to omit some types of bracing?

A. Diagond board
B. Horizonta board
C. Building paper
D. Plywood

6. When using a story pole to design a flight of stairs, step off the pole the average distance of the
risers. You find that this distance will not divide into the height of the stairs evenly. What should you
do?

Adjust the distance dightly
Divide again by the same number
Measure the pole again

Use another story pole

oowp

7. What type of joint should a square-edged baseboard have at the outside corners?

A. Dovetal
B. Rabbet
C. Hdf-lap
D. Mitered

8. At what point on the wal should you start when nailing diagonal sheathing?

A. The corners
B. Theleft sde
C. Theright side
D. Thetop

9. Inréeation to the studs, which direction should the face grain run when using plywood sheathing?

A. Horizonta
B. Diagond
C. Padld

D. Haf-lap
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10. What is nailed over the cracks between vertica wood siding?

A. Battens

B. Tar paper

C. Vaticd sding
D. Molding
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10.

EN5156

LESSON 2

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

When sheathing is not used
When sheathing isnot used . . . (page 2-18, para 2-12b(2))

On studs
Install succeeding shests . . . (page 2-21, para 2-14(1))

Bumper
Although a wood member . . . (page 2-25, para 2-15)

Cut-in
Cut-in bracing . . . (page 2-28, para 2-4b)

Plywood
If plywood sheathing . . . (page 2-6, para 2-4c)

Adjust the distance dightly
Adjust the divider . . . (page 2-28, para 2-19d)

Mitered
Instal square-edge baseboard . . . (page 2-25, par 2-159)

Corners
If itisto be put . . .(page 2-14, para 2-114)

Pardlé
Install the sheets . . . (page 2-15, para 2-11¢)

Battens
The cracks are covered . . . (page 2-17, par 2-12a)

2-34



LESSON 3

ROOF CONSTRUCTION

Critical Task: 051-236-1144

OVERVIEW

LESSON DESCRIPTION:

At the end of this lesson, you will be able to describe the construction of a roof system.

TERMINAL LEARNING OBJECTIVE:

ACTION: Y ou will describe how to construct a roof system.
CONDITION: Y ou will be given the materia contained in this lesson.
STANDARD: Y ou will correctly answer the practice exercise questions at the end of this lesson.

REFERENCES. The material contained in this lesson was derived from FM 5-426 (Chapter 7).

INTRODUCTION

The roof’'s main purpose is to keep out the rain, cold, or heat. It must be strong enough to withstand
high winds doped to shed water; and, in areas of heavy snow, it must be constructed more rigidly to
bear the extra weight.

PART A - ROOF TYPES
This part will familiarize carpenters with the most common types of roof construction. Roofs for
theater of operations construction are chosen to suit the building; the climate; the estimated length of
time the building will be used; and the materia, time, and skill require for construction.
3-1. GableRoof. Thisroof has two roof dopesthat meet at the center (ridge), forming a gable. It is

the most common roof because it is Smple, economical, and may be used on any type of structure.
Refer to Figure 3-1, page 3-2.
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3-2. Lean-To or Shed Roof. This roof used where hasty or temporary construction is needed and
where sheds or additions to buildings are erected. The pitch of this roof isin one direction only. The
roof is held up by the walls or posts on four sides. One wall, or the posts on one side, is higher than
those on the opposite sde. Refer for Figure 3-2.

Figure3-1. Gable roof Figure3-2. Lean-toor
shed roof

3-3.  Hip Roof. This roof has four sides or dopes running upward toward the center of the building
to create a ridge (or peak). Rafters at the corners run diagonaly from the bottom edge to meet at the
center (ridge). Other rafters are then framed into them. Refer to Figure 3-3.

3-4. Valley Roof. Thisroof isframed of two intersection hip or gable roofs. The two roofs meet at
avaley. Each roof dants in a different direction. This roof is seldom used, since it is complicated and
requires much time and labor. Refer to Figure 3-4.

Valley

Figure3-3. Hip roof Figure 3-4. Valley roof
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PART B - FRAMING MEMBERS
Joists, rafters, truss, purlins, and braces are considered the main framing members of a roof system.

3-5. Joists. Caelling joists form the framework of the ceiling of the room. They are usualy lighter
than floor joists but large enough to remain rigid. Ceiling joists are usudly installed 16 or 24 inches on
center, with the first celling joist placed on the outside edge of the top plate. The second joist is placed
16 inches on center lines from the outside edge of the first joist, and the remaining joists are placed 16
inches on the center lines continuing across the building. Extra joists, if needed, may be paced without
affecting the spacing of the prime joists. Joigts that lie beside rafters on a plate are cut at the same pitch
as the rafter, flush with the top of the rafter (see Figure 3-5). The ceiling joists are nailed to both the
top plates and the rafters (see Figure 3-6).

Joist cut flush
with the top of
the rafter

Figure3-5. Cellingjoists

Toenail the
csiling joisls
to the wall
plates

Rafters
Nail the joists
to the rafters

Double plates

Cailing joists

Figure 3-6. Nailing ceilingjoists
3-6. Rafters. Rafters make up the main framework of al roofs. They are inclined

members spaced from 16 to 48 inches apart. They vary in size, depending
on length and spacing. The tops of inclined rafters are fastened to the ridge or
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another rafter, depending on the type of roof. Rafters rest on the top wal plate. Rafters are nailed to
the plate, not framed into it. Some are cut to fit the plate, while in hasty congtruction they are merely
laid on top of the plate and nailed in place. They may extend a short distance beyond the wall to form
the eaves and protect the sides of the building. Sometimes, metal anchor are used to connect joints and
rafters to the top plate (see Figure 3-7). Metal anchors permit rapid instalation of joist and rafters,
eliminating the need for nailing them. Meta anchors are fastened with 1 1/4 inch nails.

35 35

Applied to joist Applied to rafter

Figure3-7. Metal anchors

a Types. Examples of most types of rafters are shown in Figure 3-8. The four types of rafters
used are common, hip, valley, and jack.

Valley jack rafter Valiey rafter
Ridge

Hip rafters

Common rafters

Hip jack rafters

Figure3-8. Roof framingterms
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(1) Common rafters. These are framing members that extend at right angles from the plate
line to the roof ridge. They are caled common rafters because they are common to dl types of roofs
and are used as the basisfor laying out other types of rafters.

(2) Hip rafters. These are roof members that extend diagonally from the corner of the plate
to the ridge.

(3) Vdley rafters. These rafters extend from the plate to the ridge along the lines where two
roofs intersect.

(4) Jack rafters. These are a common rafter. The three kinds of jack rafter are the--
» Hip jack, which extends from the plate to the hip rafter.
» Valey jack, which extends from the ridge of the valey rafter.

» Cripple jack, which is placed between a hip rafter and a valey rafter. The cripple jack
rafter is also part of a common rafter, but it touches neither the ridge of the roof nor the
rafter plate.

b. Rafter Layout. Rafters must be laid out and cut with the dope, length, and overhang exactly
right so that they will fit when placed in the roof.

(1) Scde or Measurement Method. The carpenter should first determine the length of the
rafter and the length of the lumber from which the rafter may be cut. If he is working from a roof
plan, he learns the rafter lengths and the width of the building from the plan. If no plans are available,
the width of the building must be measured.

To determine the rafter length, first find one-half of the distance between the outside plates. (The
amount of rise per foot has yet to be consdered.) If the building is 20 feet wide, half the span will be
10 feet.

As an example, use a rise per foot of 8 inches. To determine the overall length of a rafter, measure on
the stedl carpenter's square the distance between 8 on the tongue and 12 on the blade (8 is the rise, and
12 is the unit run). This distance is 14 5/12 inches. This represents the line length of a rafter with a
total run of 1 foot and arise of 8 inches (see Figure 3-9, page 3-6).

Since the run of the rafter is 10 feet, multiply 10 by the line length for 1 foot (10 x 14 5/12 = 144 2/12).
The answer is 144 2/12 inches or 12 feet 1/6 inch. The amount of overhang, normally 1 foot, must be
added if an overhang is to be used. This makes the tota length of the rafter 13 feet 1/6 inch. Use a
14foot timber.
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Figure 3-9. Steel carpenter’ssquare

(2) Pattern Rafter Method. After the length has been determined, the timber is laid on
sawhorses (saw benches) with the crown or bow (if it has any) as the top side of the rafter. If possible,
sdlect a straight piece for the pattern rafter. If a straight piece is not available, have the crown toward
the person laying out the rafter. Figure 3-10 illustrates the five steps of the pattern rafter method.

EN5156

Hold the square with the tongue in the right hand, the blade in the left, and the heel
away from the body. Place the square as near the upper end of the rafter a possble.

In the example, the figure 8 on the tongue and 12 on the blade are placed aong the

timber edge, that isto be the top edge of the rafter as shown in step 1. Mark aong
the tongue edge of the square, which will be the plumb cut at the right.

Since the length of the rafter is known to be 12 feet 1/6 inch, measure the distance

from the top of the plumb cut and mark it on the timber. Hold the square in the
same manner with the 8 mark on the tongue directly over the 12-foot 1/6-inch mark.
Mark aong the tongue of the sgquare to give the plumb cut for the seat (see step 2).

Next, measure off perpendicular to this mark, the length of overhang aong the
timber. Make a plumb-cut mark in the same way, keeping the sguare on the same
edge of the lumber (see step 3). This will be the tail cut of the rafter. Often, the tail
cut is made square across the timber.
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Figure 3-10. Rafter method

* The level cut or width of the seet is the width of the plate, measured perpendicular to
the plumb cut, as shown in step 4. Using the try square, square the lines down on
the sdes from all levd and plumb-cut lines. Now the rafter isto be cut (see step 5).

(3) Step-Off Method. The rafter length of any building may be determined by “stepping it
off” by successive steps with the sguare, as follows.

e Step off the same number of steps as there are feet in the run. For example, if a
building is 20 feet 8 inches wide, the run of the rafter would be 4 inches over 10 feet.
Figure 3-11, page 3-8, illustrates the four steps of the step-off method.

« This 4 inches is taken care of in the same manner as the full-foot run; that is, with
the square at the last step position, make a mark on the rafters at the 4-inch mark
(see Figure 3-11, step 1).

* With the sgquare held for the same cut as before, make a mark along the tongue.

This isthe line length of the rafter. The seat cut and hangover are made as described
above and shown in Figure 3-11, steps 2, 3, and 4.
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Figure3-11. Step-off Method

NOTE: When laying off rafters by any method, be sure to recheck the work carefully. When two
rafters have been cut, it is best to put them in place to see if they fit. Minor adjustments may be
made at this time without serious damage or waste of material.

(4) Table Method 1. To use the framing square to lay out rafters, the width of the building
must first be known. Suppose the building is 20 feet 8 inches wide, and the rise of the rafters is to be
13 inches per foot of run. The tota run of the rafters will be 10 feet 4 inches.

e Look at the first line of figures under the 13-inch mark (see Figure 3-12). You will

see the number 17.69. This is the length in inches of a rafter with a run of 1 foot
and arise of 13 inches.

lll[l]]ll]l]lii I|III|||1|l|l|lllillupll[lllnl]||l|!|l|||l|1|l]|]l|1|l| LU I it lllllll[lllllli l||||||]p||L_%
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LENGTH OF MAIM RAFTEAS PER FOOT RUN 20 00 12 =
LENGTH HiP OR YALLEY AXFIERS PER FOOT KUK L3338 _ 3
DIFFCRENCE IN LENGTM OF JACKS 16 INCHES CENTERS 257 =3

Y NGIN OF JACKS 2 FEET CEMIERS AVEN -3

$IDE CUT OF Jick$ 3 =
SIDE_CUT_DF MIP OR VLLEY AN 8 Vs 100 —3
210 1) I8 ] —
Mﬂmm@. bt bulilal] Wl 3

Figure3-12. TableMethod 1
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To find the line length of a rafter with a total run of 10 feet 4 inches, multiply 17.69
inches by 10 1/3 and divide by 12 to get the answer in feet (17.69 x 10.333 = 182.79).
The total of 182.79 inches is divided by 12 to equal 15 3/12 feet. Therefore, 15 feet 3
inches is the line length of the rafter.

(5) Table Method 2. The rafter table is on the back of the blade of some squares. Figure 3-

13 shows the run,

rise, and pitch of the rafters of the seven most common roof pitches. The figures are

based on the length of the horizontal measurement of the building from the center to the outside (run).
The rafter table on the outside edge, on the back of the square, gives both the body and the tongue in
twelfths. The inch marks on the sguare may represent inches or feet, and the twelfth marks may
represent twelfths of an inch or twelfths of afoot. The rafter table is used in connection with the marks
and figures on the outside edge of the square. You will notice that at the left end of the table there are
figures representing the run, rise, and the pitch.

—
iy

FETITTInun Aise Pitch menilgu n]n]nln

= \ , / 3 12 3

[~ anliR-4 |18 4 LYY [ EAC) . 413

= .EE Ao e 0 D08 Y S 1 8]0

= e I'; O\ O o 0L These numbers are the
= |35 BRI e\ alags A\ D rise in inches" and with
= *ew el slalir A\ X7y A2l 12 give the cut of the roof.

p— ("2 J
=r?)
-
i{"’
N
o

1N

12

l]ll'll[lf

1 234567830012

[}
L 1 il1 31

tUnit of run (12")
Unit of span (24")

YT o
1. 1131

Figure 3-13. Table Method 2

Run. In the first column, the figures are all 12. These may be used as 12 inches or
12 feet, because they represent the run of 12 inches.

Rise. The second column of figure represents various rises per foot: 4, 6, 8, 10, 12,
15, and 18.

Pitch. The third column of figures, in fractions, represents various pitches. 1/6, 1/4,
1/3, 5/12, 1/2, 5/8, and 3/4 (see Figure 3-14, page 3-10).
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Figure 3-14. Pitch on the rafter table

c. Assambly. Rafters are usualy made into trusses. Two rafters are connected at the top, using
a collar tie well nailled into both rafters. Before any ties or chords are nailed, the rafters should be
spread at the lower end to equa the width of the building. This is done by usng a template or by
measuring the distance between the seat cuts with a tape (see Figure 3-15).

1" x 6" rafler tie

1" x 6" vertical

brace

2" x 4" brace

2"x 4"
rafter

2" x 6" splice
plate 2" x 4" fifter
2" x 6" bottom block

2"x 4"
filerblock "

Figure 3-15. Assemblinga truss

(1) Chord. A 1by 6 or 2 by 4 chord is nailed across the rafters at the seat cut to tie them
together. This chord forms a truss with the two rafters. A hanger or verticad member of 1 by 6 is
nailed to the rafter joint and extends to the chord at midpoint, tying the rafter to the chord.
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(2) Collar Beam. A tie or collar beam is a piece of stock (usualy 1 by 4, 1 by 6, 1 by 8, or 2
by 4) fastened in a horizontal position to a pair of rafters between the plate and the ridge of the roof
This type of beam tends to keep the building from spreading. Most codes and specifications require
them to be 5 feet gpart or every third rafter, which ever isless. Collar ties are nailed to common rafters
with four 8d nailsto each end of a 1-inch tie. If 2-inch material is used for the tie, they are nailed with
three 16d nails at each end. This type of bracing is used on small roofs where no ceiling joists are used
and the building is not wide enough to require atruss. The lower the collar beam or chord, the better it
works.

(3) Support. In smal roofs that cover only narrow buildings and in which the rafters are
short, there isno need for interior support or bracing. In long spans, the roof would sag in the middle if
it were not strengthened in some way. To support long rafters, braces or other types of supports must
be installed.

(4) Rafter Support. In wide buildings, where the joists or chords must be spliced and there is
no support underneath, the rafter and joists support one another (see Figure 3-16).

d. Knee Brace. If no additiona bracing is needed, the truss is set in place on the plates. If
additional bracing is needed, a knee brace is nailed to the chord. The knee brace forms a 45° angle with
the wall stud. For easer erection, the knee brace may be omitted until the rater trussis set in place (see

Figure 3-16).
7 f '{ ~Carpenter’s square
Knee bracs 10°- 43747

2 xar 1] 17 x6"

Rafter |; w 1/4"

17 x 67 ? "~ Verlical brace
1"x6"

RN || BRG B

1" x6"x12

41/4" —o

_& 2" x4~ - Floor or ground |

Figure 3-16. Rafter support detail

10

3-7. Trusses. A trussisaframed or jointed structure composed of straight
members connected only at their intersections in such away that if loads are
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applied at these intersections, the stress in each member is in the direction of it length. Straight, sound
timber should be used in trusses. Figure 3-17 shows various types of trusses used in construction. (The
Howe and Fink trusses are most commonly used.) Trusses are used for large spans to give wide,
unobstructed floor space for such large buildings as shops and hangars. Sometimes small buildings are
trussed to save material. These small trusses act as rafters and give the roof rigidity.

» - 7
u Bowstring truss W Towne iattice truss Pratt "

Camel-back pratt n
Saw-tooth truss :

AN

Sc;ssors truss

Knes brace " Modified fink W.
n =
Pratt truss Pratt truss
N7 n Pratt {pitch) ™
NAVN/N ﬁ@%
= ] Knee brace m\
Truss with monitor Traverse bent )

Fink of French ®

WAVAVAY,
% \ Pavhvo N

Traverse bent ~  Traverse bent u Fan fink u

PN NN,

2 Howe - ol Howe

Warren trusses

WWNYNVMM

Howe (pitch) " Pratt

Figure 3-17. Types of trusses
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a. Placement. After the rafters have been assembled into trusses, they must be placed on the
building (see Figure 3-18). Assemble the first set of rafters in the end section of the building or at the
center. Raise rafter trusses into position by hand and nail them into place with 16d nails. (Temporary
workbenches may be built for the workers to stand on while erecting trusses) These trusses must be
temporarily braced at the end section of the building until the sheathing is applied. Knee braces are not
used on every rafter truss unless needed. Install trusses as follows:

© @ &

Temporary bracing on
rafter assemblies

Figure 3-18. Ingalling trusses

(1) Mark the proper poditions of al truss assemblies on the top plate. The marks must show
the exact position on the face of all rafters (such as south or north) (see Figure 3-18, A).

(2) Rest one end of atruss assembly, peak down, on an appropriate mark on the top plate on
one end of the structure (see Figure 3-18, A).

(3) Rest the other end of the truss on the corresponding mark of the top plate on the other
side of the structure (see Figure 3-18, B).
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(4) Rotate the assembly into position using a pole or rope (see Figure 3-18, C, page 3-13).
(5) Line up and secure the rafter faces flush against the marks.

(6) Rase, dign, and nail the three assemblies into postion. Nail temporary 1 x 6 braces
across these three assemblies. Repeat this procedure with the other assemblies as they are brought into
position (see Figure 3-18, D). Check the rafter spacing at the peaks as the braces are nailed on.

(7) Braces may be used as a platform when raisng those trusses for which there is not
enough room to permit rotation.

b. Web Members. The web members of atruss divide it into triangles. The members indicated
by heavy lines normally carry tensile stresses for verticad loads. Sometimes the top chords of these
trusses dope dightly in one or two directions for roof drainage, but this does not change the type of
truss. The necessary number of subdivisons, or panels, depends on the length of the span and the type
of construction.

c. Terms. These terms should be understood before proceeding further with this lesson.

(1) Bottom chord. A member that forms the lower boundary of the truss (see Figure 3-19).

Overhang

v ol
\ Diagonai or web b
Botiom chord g of web mermbers '

I Span outside to outside —

Figure3-19. Truss

(2) Top chord. A member which forms the upper boundary of the truss.

EN5156 3-14



(3) Chord member. A member that forms part of either the top or the bottom chord.

(4 Member. The component that lies between any adjacent joints of atruss. It can be of
one or more pieces of structura material.

(5) Web member. A member that lies between the top and bottom chords.

(6) Joint. Any point in atruss where two or more members meet; sometimes cdled a panel
point

(7) Pand length. The distance between any two consecutive joint centers in either the top or
bottom chords.

(8) Pitch. The ratio of the height of the truss to the span's length.

(9) Height of Truss. The verticd distance at midspan from the joint center at the ridge of a

pitched truss or from the centerline of the top chord of a flat truss to the centerline of the bottom
chord.

(10) Span length. The horizonta distance between the centers of the two joints located at the
extreme ends of the truss.

d. Uses Trusses are used for large spans to give wide, unobstructed floor space for such large
building as shops and hangers. The Howe and Fink trusses are most commonly used (see Figure 3-20).

NN o v

Howe {pitch) Fink or French
" Moditied fink Fan fink

Figure 3-20. Howe and Fink trusses
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e. Support. Trusses are supported by bearing walls, posts, or other trusses. To brace atrussto a
wall or post, knee braces are used as shown in Figure 3-21. These braces tend to make a truss of the
entire building by tying the wall to the roof (see Figure 3-21).

Knee braces

Figure3-21. Knee braces
f. Layout. Usethe following stepsto lay out atruss:
(1) Build the truss on workbenches that are paced on alevel spot on the ground.
(2) Obtain the measurement of a material from the blueprints.
(3) Lay the piecesin their correct pogtion t form atruss.
(4) Nall them together temporarily (see Figure 3-22).
(5) Lay out the location of al holesto be bored.
(6) Borethe holesto the size caled for on the blueprint.

(7) Dismantle the truss and withdraw the nails after the holes have been bored.
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Peak cut
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61-

brace

Run -3 > 0" x 4* 3-4"
rafter Zx 4‘/1051 l
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Figure3-22. Trusslayout

0. Assembly. Assembling a truss after it has been cut and bored is smple. In most cases,
timber connectors are used where different members of the truss join. Assemble the truss with the split
ringsin place. The bolts are then placed in the holes and tightened. Place washers at the head and nut
ends of each bolt. Use straight, sound timber trusses (see Figure 3-23).

a3 - 2 1/27 split rings

2-2 1/ splitrings 1 - 1 1/2° bokt
2 - 1/2° bolt

Spiit ring fits into a
groove cut in the memberk

2 - 2 1/2" split rings
sPan 1- 1!{ bolt

Figure3-23. Split ringson atruss

3-8. Purlins. Purlins are used in roof construction to support corrugated sheet meta if it is used or
to support the sheathing of roofs famed with trusses. In small roofs, short purlins are inserted between
the rafters and nailed through the rafters. In large buildings where heavy trusses are used, the purlins
are continuos members that rest on the trusses and support the sheathing. In small buildings, such as

barracks, mess halls, and small warehouses, 2 by 4s are used for purlins, with the narrow side up (see
Figure 3-24, page 3-18).
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Figure3-24. Purlins

3-9. Braces. Bracing is used to stiffen framed construction and make it rigid. Bracing may be used
to resst winds, storms, twists, or strains. Good bracing keeps corners square and plumb. Bracing
prevents warping, sagging, and shifting that could otherwise distort the frame and cause cracked plaster
and badly fitting doors and windows. In smal roofs that cover narrow buildings and in which the
rafters are short, there is no need for interior support or bracing. In long spans, the roof would sag in
the middle if it were not strengthened in some way. To support long rafter, braces or other types of
supports must be installed. The three methods commonly used to brace frame structures are let-in, cut-
in, and diagonal-sheathing bracings.

a Let-In Bracing. Let-in bracing is set into the edges of studs, flush with the surface. The
studs are aways cut to let in the braces; the braces are never cut. Use 1 by 4sor 1 by 6s set diagonally
from top plates to sole plates, or between top or sole plates and framing studs.

b. Cut-In Bracing. Cut-in bracing is toenailed between studs. It usudly consists of 2 x 4s cut at
an angle to permit toenailing. They are inserted in diagonal progression between studs running up and
down from corner posts to the sl or plates.

c. Diagonal-Sheathing Bracing. The strongest type of bracing is diagona sheathing. Each board
braces the wall. If plywood sheathing 5/8 inch thick or more is used, other methods of bracing may be
omitted.

3-10. Roofing Terms. When framing a root carpenters must be familiar with commonly used roofing
terms. The following are the most common of those terms:

a Badc Triangle. The basic triangle is the most elementary tool used in

roof framing (see Figure 3-25). When framing a roof, the basic right triangle
isformed by the horizonta lines (or run), the rise (or dtitude), and the length of the
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rafter (the hypotenuse). Any part of the triangle can be computed if the other two parts are known.
Use the following equation:

The sguare of the hypotenuse of a right triangle is equal to the sum of the sgquares of the two
sdes. In roofing terms--

Rafter length? = run? + rise?

/—\ Hidg‘

Pumb  /

Plate

Building line

Figure 3-25. Basic triangle

b. BirdsMouth. A bird's mouth is a cutout near the bottom of a rafter, that fits over the top

plate. The cut that fits the top of the plate is cdled the seat; the cut for the side of the plate is called
the hed (see Figure 3-26).

Plumb cut

Bird's mouth {heel)  pymb end

tailcut

Figure 3-26. Bird'smouth
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c. Cut of aRoof. The cut of aroof is the rise over the run (such as 4/12 roof) or the pitch of
the roof (see Figure 3-27).

Roof pitch

12 Rise in inches
1 {variable)
8 l ; |

@

e

\g‘\@“ Total|

rise
* e Unit of
< " run (12-)

tt— Total run ———p] >
_ Span “-——-t Unit of span {24%)

Figure 3-27. Roofingterms

d. Span of a Roof. The span of any roof is the shortest distance between the two opposite
rafters seets (see Figure 3-27).

e. Line Length. In roof framing, line length is the hypotenuse of a triangle whose base is the
run and whose dtitude is the total rise (see Figure 3-27).

f. Horizonta Line. A horizontal line is one level with the building foundation.

g. Overhang. The overhang is that part of a rafter that extends past the outside edge of the
walls of a building. When laying out a rafter, this portion isin addition to the length of a rafter and is
figured separately. The overhang is often referred to as the tailpiece

h. Tota Rise. The totd riseisthe vertica distance from the wall plate to the top of the ridge.

i. Run. Run awaysrefersto the leve distance any rafter covers-normally, one-half the span.

j. Unit of Run (or unit of measurement). The unit of measurement, 1 foot (or 12 inches), is
the same for the roof as for any other part of the building. Using this common unit of measurement,

the framing square is used in laying out large roofs.

k. Pitch. Pitch signifiesthe amount that aroof dants and the ratio of rise (in
inches) to run (in inches). Using this method, 4, 6, or 8 inches of rise per foot of
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run would give a pitch of 4:12, 6:12, or 8:12. There are two methods of indicating pith.

(1) Method 1. The pitch is indicated as a ratio of the rise to the span of a roof, stated in
fractions (3/4, 5/8, 1/2, and 5/12). The units of span and rise must be the same (inches or feet), and
the faction is reduced to its lowest common denominator (see Figure 3-11, page 3-8).

* To obtain the unit rise, multiply the pitch by 24. For example, if the pitch is given as
1/3, multiply 1/3 by 24 (1/3 x 24 = 8). Therefore, the unit rise is 8 inches per foot (8-12
pitch).

* If the pitch is given as 5/12, multiply 5/12 by 24 (5/12 x 24 = 10). Therefore, the unit
riseis 10 inches per foot (10-12 pitch).

(2) Method 2. The pitch is stated as the ratio of rise (in inches) per 1 foot of run (12
inches). Using this method, 4, 6, or 8 inches of rise per foot of run would give a pitch of 4-12, 6-12, or
8-12. A roof with 1/2 pitch can be said to have a 12-12 pitch. Remember 1/2 x 24 = 12.

[. Rise. The rise of a rafter is the verticad (or plumb) distance that a rafter extends upward
from the plate.

m. Plumb Line. The line is the line formed by the cord on which the plumb bob is hung (see
Figure 3-28).

Framing square 24" rise per 12" run (24-12 pitch)

o2k
5,: :ijtt:h 118" rise per 12° run {18-12 pitch)
1.’2 p“ch o L2 L] M
5/12 pitch 415" rise per 12° run (15-12 pitch)
1/3 pitch 12" rise per 12" run (12-12 pitch)
1/4 pitch 110" rise per 12" run (10-12 pitch)
. 1/6 pitch 8" rise per 12" run {8-12 pitch)

@ Plumb line 6" rise per 12" run {6-12 pitch)

Risa in Level line 4" sise per 12" run (4-12 pitch)

inches Plate

X l_ < y_2
Unit of |
l ’ run 24" run

Figure3-28. Roof pitch

n. Plate. The plate is the walframing member that rests on the top of the wall studs (see
Figure 3-8, page 3-4).

0. Ridge. The ridge is the highest horizontal roof member. It ties the rafters together at the

upper end (see Figure 3-8).
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3-11. Rafter Tables on a Framing Square. The framing square may have one or two types of rafter
tables on the blade. One type gives both the line length of any pitch of rafter per foot of run and the
line length of any hip or valey rafter per foot of run. The difference in the length of the jack rafter,
spaced 16 or 24 inches (on center), is aso shown in the table. Where the jack, hip, or valley rafter
needs side cuts, the cut is given in the table. The other type of rafter table gives the actud length of a
rafter for a given pitch and span.

a Line length. The rafter table (see Figure 3-29) is used to determine the length of the
common, valey, hip, and jack rafters, and the angles at which they must be cut to fit at the ridge and
plate. To use the table, the carpenter must know what each figure represents.

Figure3-29. Linelengthson the rafter table

(1) The row of figuresin the first line represents the length of common rafters per foot of
run (look at the left end of Figure 3-29), as the title at the left-hand end of the blade indicates.

(2) Each set of figures under each inch divison mark represents the length of a rafter per
foot of run, with a rise corresponding to the number of inches over the number. For example, under
the 16-inch mark appears the number 20.00 inches. This number equals the length of a rafter with a
run of 12 inches and a rise of 16 inches. Under the 13-inch mark appears the number 17.69 inches,
which is the rafter length for a 12-inch run and a 13-inch rise.

NOTE: Theother fivelines of figuresin the table are seldom used in the theater of operations.

b. Actua Length. At the left end of the table (see Figure 3-30) are figures representing the run,
rise, and the pitch of a roof

(1) The figures show that a rafter with a run of 12 and arise of 4 has 1/6 pitch. A 12 run,
6-inch rise has 1/4 pitch. A 12 run, 8-inch rise has 1/3 pitch.
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Figure3-30. Actual lengthson the rafter table

(2) To use the rafter table to determine the length of a rafter with a 1/6 pitch (or a rise of
1/6 the width of the building) and a run of 12 feet, find the 1/6 in the table, then follow the same line
of figures to the right until directly beneath the figure 12. The numbers that appear beneath this figure
are 12, 7, and 10, which show the rafter length required and which represent 12, 7, and 10 mean 12 feet,
7 inches, and 10/12 of an inch. Therefore, the length of the rafter required is 12 feet 7 10/12 inches
long.

(3) Using rafter table method 2, assume you have a roof with a 1/2 pitch (or a rise of 1/2
the width of the building) and a run of 12 feet (see Figure 3-30). Find 1/2 pitch on the table. Follow
the same line of figures to the right until directly beneath the figure 12. The numbers that appear
beneath this figure are 16, 11, and 6, which represents 16 feet 11 6/12 inches. The length of the rafter
required is 16 feet 11 6/12 inches long.

(4) When the run isin inches, the rafter table reads inches and twelfths instead of feet and
inches. If the pitch is 1/2 and the run is 12 feet 4 inches, add the rafter length of a 12-foot run to that
of arafter length of 4-inch run (see Figure 3-30). For a run of 12 feet and 1/2 pitch, the length is 16
feet 11 6/12 inches. For arun of 12 feet and 1/2 pitch, the length is5, 7, and 11. In thiscase, the 5is
inches, the 7 is twefths, and the 11 is 11/12 of 1/12 (which is nearly 1/12 of an inch). Add the 1/12 to
the 7 to make it 8, making a total of 5 8/12 inches. Add the two lengths together (16 feet 11 6/12
inches + 5 8/12 inches = 17 feet 5 1/12 inches)

(5) If the run of a building is over 23 feet, the table is used as follows. Using a run of 27
feet, with a 1/4 pitch (the framing square blade is 24 inches long), find the length for 23 feet, then find
the length for 4 feet, and add the two. The run for 23 feet with a pitch of 1/4 is 25 feet 8 5/12 inches.
For 4 feet, the run is4 feet 5 8/12 inches. The total run for 27 feet is 30 feet 2 1/2 inches.
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(6) The lengths that are given in the rafter table are line lengths. The overhang must be
added.

(7) When the roof has an overhang, the rafter is usudly cut square to save time. If the roof
does not have an overhang, the rafter is cut plumb, but no notch is cut in the rafter seat.

(8) A levd cut is made on the rafter long enough to extend across the plate and the wall
sheathing. This type of rafter allows very little protection to the sdewalls.

3-12. Template Use. Rafter framing without the use of ridgeboards may be done rapidly by using a
truss assembly jig or template. The template is laid out t form a pattern conforming to the exact
exterior dimensions of the truss. Lay out a template as follows (see Figure 3-31).

Peak cut
° £ Block nailed .
Rise to hold rafior 4-1"
Run 2 x4 ~ /’
rafter braca l\]/ % .
4
A ! C - Buiit-up Jig block
Laying out a template

Template blocks

Complsted template

Figure3-31. Layingout atemplate
a Lay Out. Lay out atemplate as shown in Figure 3-31 and as follows:

(1) Measure and mark a straight line on a selected surface. Have the exact length of the
joists that will form the truss chord. Thisis basdine A (see Figure 3-31).

(2) From the center of the basdine and at right anglesto it lay out the centerline (C) to form
the leg of aright triangle, the base of which is at half the length of baseline A, and the hypotenuse of
which (B) isthe length of the rafter measured as indicated (see Figure 3-31).

(3) Nail 2- by 4- by 8inch blocks flush with the ends of basdine A and centerline C as
shown in Figure 3-31. Mark the centerline on the center jig blocks.

b. Assembly. Assemble with atemplate as shown in Figure 3-31 and as follows:
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(1) Start the assembly by setting a rafter in the jig with the plate cut fitted over the jig block
at one end of the basdine. The peak is flush with the centerline on the peak jig block. Nail a holding
block outside the rafter at point D as shown in Figure 3-31.

(2) Lay one 2- by 4-inch joist or chord in place across the base blocks.

(3) Lay two 2- by 4-inch rafters in place over the joist.

(4) Center one end of 1- by 6-inch hanger under the rafter peak. Center the rafters aganst
the peak block.

(5) Nail through the rafters into the hanger using six 8d nalls.

(6) Line up one end of the chord.

(7) Nail through the rafter with 16d nails.

(8) Line up the other end of the chord.

(9) Nalil as above,

(10) Center the bottom of the hangers on top of the chord and nail with 8d nails.

3-13. Roof Openings. Magor roof openings are those that interrupt the normal run of rafters or other
roof framing. Such openings may be for ventilation, chimneys, trap-door passage, skylight, or dormer
windows. Roof openings are framed by headers and trimmers. Double headers are used at right angles
to the rafters, which are set into the headers in the same way as joists in floor-opening construction.

Trimmers are actudly double rafter construction in roof openings. Nailing steps may be added if
needed. Figure 3-32 shows roof-opening construction.

Figure 3-32. Roof opening
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PART C - ROOF-COVERING MATERIAL

Many different kinds of roof-covering materids are available, including tile, built-up roofing, asphalt
shingles, minera fiber (asbestos-cement) shingles, and wood shines. Carpenters mainly work with the
last three.

3-14. Roof Sheathing. Plywood or one-by materid is satisfactory for sheathing roofs. Plywood is
more economical than one-by materia, and it can be installed rapidly. The thickness required is 3/8,
1/2, 5/8, or 3/4 inch depending on the rafter spacing, pitch, and load on the roof. When instaling
sheathing, be sure that the joints are placed over the rafters. The roof sheathing should be arranged so
that the joints for the complete roof are staggered.

3-15. Roof-Covering Terms. These terms should be understood before proceeding with this part.

a Square. Roofing is estimated and sold by the square. A sguare is the number of shingles
required to cover 100 square feet of roof surfaces.

b. Coverage. Shingles overlap, and depending on the manner in which they are laid, one, two,
or three thicknesses cover the roof at any one place. The roofing is termed single coverage, double
coverage, and so on.

c. Shingle Butt. The shingle buitt is the lower exposed edge of the shingle.

d. Exposure. The exposure is the distance from the butt of one shingle to the butt of the
shingle aboveit. Thisisthe portion of the shingle that is exposed to the weather.

e. Underlayment. The underlayment is the application of saturated felt that is placed over the
roof surface to protect the roof sheathing until the shingles are applied.

f. Toplap. The width of the shingles minus the exposure.

3-16. Shingle Roof. An asphdt-shingle roof begins with the application of a drip edge, followed by
underlayment (felt) and eave flashing strips.  Then, the first full shingle is inverted and nailed in place.
Asphalt roofing comes in rolls (usualy 3 feet wide), cdled rolled roofing; in rolled strips (usuadly 15
inches wide and 3 feet long); and as individua shingles. The type most commonly used is the flat strip,
often called a strip shingle The size of a square-butt strip shingle is 12 by 36 inches. This shingle
should be laid 5 inches to the weather, meaning 7 inches of each course should be overlapped by the
next higher course. There are various types of shingles. Figure 3-33 shows a butt shingle with three
tabs.
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Figure 3-33. Butt shingle

3-17. Shingle Ingallation. The first step in covering a roof isto erect a scaffold to a height that will
bring the eaves about waist-high to a man standing on the scaffold. Before any roof covering is applied,
the roof sheathing must be swept clean and carefully inspected for irregularities, cracks, holes, or other
defects.  No roof should be applied unless the sheathing boards are absolutely dry. An underlay of
roofing felt is first applied to the sheathing. Roofing felt usually comes in 3-foot-wide rolls and should
be laid with a 2-inch top lap and a 4-inch side lap (see Figure 3-34). Bundles of shingles should be
distributed along the scaffold before work begins. There are 27 stripsin a bundle of 1 by 3 asphalt strip
shingles. Three bundlies will cover 100 square feet.

Figure 3-34. Laying an asphalt shingle roof

a. Instal the first course of shingles inverted. This arrangement provides a roofing edge
without notches.

b. Nal inverted shingles in place with 3/4-inch over the drip edge on the eaves and the gable
ends of the roof (see Figure 3-35, page 3-28).
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Figure 3-35. Applyingthe drip edge

Snap chak lines on the underlayment (felt) to indicate the location of each course (see Figure

5" 10 weather

\
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Figure 3-36. Snappinga chalk line
Begin the first course of shingles with a whole strip at one end of the roof (see Figure 3-37).
Cut the second course so that the lap occurs at the half-tab point (see Figure 3-37).
Use four or six nailsin each shingle.
Use nailsthat are 1 1/4 inches long for new roofs.
Place anall 1 inch from the edge of the shingle.

Place one or two nails near the tab dots (depending on the requirement) as shown in Figure
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Figure 3-37. Layingthe shingles

j. Passes each nail through two thicknesses of shingles and is concedled (blind nailed) by the
next course of shingles.

k. Finish the ridge of the roof by overlapping the shinglesto prevent the roof from leaking.

[. Make three short 12- by 12-inch shingles from a 12- by 36-inch shingle for the ridge of the
roof

m. Lay short shingles with an exposure of 5 inches to the wesather.
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LESSON 3
PRACTICE EXERCISE

The following items will test you grasp of the material covered in this lesson. There is only one correct
answer to each item. When you complete the exercise, check your answer with the answer key that
follows. If you answer any item incorrectly, study again that part of the lesson which contains the
portion involved.

Situation. You are to construct a roof system. You know that the ceiling joists form the framework for
the celling of aroom.

1. Rafters make up the main body of the framework of al roofs. Rafters are extended a short
distance beyond the wall to--

A. Strengthen the wall

B. Form the eaves and protect the sides of the building

C. Prevent the wind from passng between the top plate and the rafters
D. Strengthen the roof

2. What isthe line length as used in roof framing?

A. Therise
B. Therun
C. The span

D. The hypotenuse
3. What isthe tota run of an ordinary rafter?

A. Hadf of the span

B. HAf of therun

C. The hypotenuse

D. The measurement of 12 inches

4.  Common rafters extend from the to the
A. Plateto the hip rafter
B. Ridgeto the valey rafter
C. Pateto the roof edge
D. Ridgethe roof edge
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5. If abuilding is 20 feet wide, how many feet would the run of the rafter be?

A. 25
B. 20
C. 15
D. 10

6. How isthe first row of shinglesinstaled?

A. Horizontd
B. Upand down
C. Inverted

D. Atanangle
7. Purlins are placed in the roof system to--

A. Support the sheathing

B. Strengthen the top cord

C. Strengthen the bottom cord
D. Support the knee bracing

8. A roof is being covered with 12- by 36-inch strip shingles. How many inches of the shingles are
left exposed to the weather?

A. 5
B. 6
c. 7
D. 8
9. Caling joists are normally installed inches on center?
A. 16or24
B. 14or16
C. 1L2orl14
D. 10or 16
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10. What does web members do?

A. Forms atruss with two rafters

B. Dividesatrussinto triangles

C. Extendsfrom the plate to the hip rafter
D. Forms the framework of the ceiling
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LESSON 3

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

Form the eaves and protect the sides of the building
They may extend . . . (page 3-4, para 3-6)

Hypotenuse
In roof framing . . . (page 3-20, para 3-10¢€)

Haf of the span
Run adwaysrefers . . . (page 3-20, para 3-10i)

Plate to the roof edge
These are framing . . . (page 3-5, para 3-6a(1))

10
Suppose the building . . . (page 3-8, para 3-6b(4))

Inverted
Install the first . . . (page 3-27, para 3-17(3))

Support the sheathing
Purlins are used . . . (page 3-17, para 3-8)

5
This shingle.. . . (page 3-26, para 3-16)

16
Ceailingjoists are usudly . . . (page 3-3, para 3-5)

Divides atruss into triangles
The web members. . . (page 3-14, para 3-7b)
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by
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Army Correspondence Course Program
Army Institute for Professional Development
penny

Department of the Army

Distance Education and Training Council
Department of Defense

field manual

foot, feet

Interservice Correspondence Exchange
pound(s)

Institute for Professional Development
military occupational specialty

National Home Study Council

number

retirement year ending

social security number
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™ technical manual

TRADOC US Army Training and Doctrine Command
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APPENDIX B
RECOMMENDED READING LIST

The following publications provide additional information about the material in this
subcourse. You do not need these materials to complete this subcourse.

FM 5-426. Carpentry. 3 October 1995.
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